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Preface

In April 2000, the Institute of Medicine (IOM) of the National Academies
convened an expert committee to advise the U.S. Army Medical Research and
Materiel Command on the management of its vaccine research programs for the
protection of U.S. military personnel against naturally occurring infectious disease
threats. The charge to the committee focused on the army’s Military Infectious
Diseases Research Program and how it goes about its task of making available to
the military new vaccines for the protection of warfighters against these con-
stantly changing and emerging disease threats. That charge required the commit-
tee to examine broadly the process that the Department of Defense (DoD) uses to
acquire and maintain the availability of vaccines. Doing so, the committee recog-
nized that this process is too fragmented, too diffused, and too lacking in con-
solidation of its authority within a single responsible locus in DoD to operate
efficiently and to be effective in meeting its critical mission. This report, the final
product of the IOM Committee on a Strategy for Minimizing the Impact of
Naturally Occurring Infectious Diseases of Military Importance: Vaccine Issues
in the U.S. Military, details those findings as well as the information that was
provided to the committee and that led it to reach these conclusions.

At the time that this report is being prepared for publication, the world is
very different from the way it was 2 years earlier when the committee first
convened. The terrorist attacks of September 11, 2001, and the subsequent mail-
ing of lethally weaponized anthrax spores to members of the media and the U.S.
Congress in the weeks that followed have forever altered the nation’s sense of its
vulnerability to terrorism in general and to the possibility of the intentional dis-
semination of potentially fatal infectious diseases in particular. These events have
led to the proposal of enormous increases in the funding for infectious disease
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111 PREFACE

research, focused on biodefense, but certain to have significant spillover into the
area of naturally transmitted infections. These new funds may answer, in whole
or in part, one of the recommendations of this committee: that DoD substantially
increase its budgetary support for infectious disease research and vaccine acqui-
sition if it is to provide the protections required for the nation’s warfighters in an
increasingly complex and dangerous world.

However, DoD’s interest in solving the problems with vaccine acquisition
predated the events of September 11. Two important factors led to this growing
concern over the functioning of vaccine acquisition efforts within DoD: (1) the
awareness that the approach mandated by Congress for the development of
countermeasures for biological warfare, the Joint Vaccine Acquisition Program,
was failing to produce the vaccine products required and (2) the sudden loss from
DoD’s armamentarium of the very successful vaccine that DoD had previously
developed for the prevention of adenovirus serotype 4 and 7 disease in military
recruits. These events led the Deputy Secretary for Defense to commission a
separate study and report shortly after the creation of this IOM committee. That
committee, chaired by Franklin Top, Jr., addressed many issues that overlapped
the issues that this committee was charged to address.

Although its contents were unknown to this committee for many months, the
Report on Biological Warfare Defense Vaccine Research and Development Pro-
grams, through which DoD released the Top Report! to the public, ultimately
presented conclusions very similar to those arrived at by this committee.

As explained in the pages that follow, this committee strongly believes that a
full-fledged reorganization of DoD’s priority-setting and vaccine acquisition pro-
cesses will be required if the department is to fulfill its pledge to protect U.S.
warfighters against vaccine-preventable infectious diseases. It believes that this
is an issue of national security, inasmuch as infectious diseases have well-proven
abilities to significantly degrade and compromise the operations of military forces.
The major limitations, it believes, in making available safe and efficacious vac-
cines for the protection of forces have not been scientific in nature but, rather,
revolve around problems of organization, management, and budgetary support.

Where possible, the committee has cited substantive data and evidence in
support of these conclusions. In many instances, however, such hard data have
simply not been available and the committee has had to draw on the past experi-
ences and perceptions of its members, individuals who have spent their careers at
the highest points of leadership in military research and development programs,

vaccine Study Panel. Department of Defense Acquisition of Vaccines Program: A Report to the
Deputy Secretary of Defense from the Independent Panel of Experts, December 2000). In DoD
2001d. Report on Biological Warfare Defense Vaccine Research and Development Programs. Wash-
ington, DC: Department of Defense. [Online]. Available: http://www.defenselink.mil/pubs/
ReportonBiologicalWarfareDefenseVaccineRDPrgras-July2001.pdf [accessed September 7, 2001].
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the commercial vaccine industry, regulatory agencies, and academic infectious
disease-related research and development communities.

The committee perceives with particular concern that the technology base
and basic research activities of DoD are much narrower and limited in scope than
they were in past decades, reflecting reductions in the numbers of military profes-
sional personnel, reductions in underlying budget support, and changes in pro-
gram priorities. Although these trends are very difficult to document across the
tens of years and the different military organizational structures that have evolved
over time, none of the evidence that the committee reviewed refutes this belief.
The committee believes that the technology base resides at the core of DoD’s
capacity to meet its mission in protecting U.S. warfighters against infectious
disease threats. Its erosion should be a matter of national concern, and one that
must be reversed through a sustained commitment of budget and personnel as the
nation enters the twenty-first century.

To accomplish the task for which it convened this committee, IOM recog-
nized that committee membership must include individuals with considerable
expertise and experience in pharmaceutical research, development, and manufac-
turing. IOM found it impossible to recruit individuals with such backgrounds
who do not also hold significant amounts of equity in the industry. YOM chose
retired industry experts to minimize the potential conflict of interest. Committee
members R. Gordon Douglas, Jr., Stanley A. Plotkin, and Ronald J. Saldarini
each own significant stock and stock option holdings in pharmaceutical companies
that are involved in vaccine development and manufacture. Their biographical
summaries (included in Appendix C) illustrate the invaluable experience that
they brought to this committee’s work. At the first committee meeting, the Deputy
Executive Officer of IOM conducted the required bias and conflict-of-interest
discussion. All committee members were apprised of the points-of-view, experi-
ences, and current activities of these committee members, as of all committee
members, and were alerted to potential conflicts of interests. The vaccine manu-
facture section of Chapter 4 boldly presents a pharmaceutical industry view of the
issues and labels it as such. The whole committee—aware of the source of
advice—uniformly agreed with the analysis. It is my firm opinion that this
judicious use of committee members whose potential conflicts of interest would
ordinarily preclude their serving on IOM committees has been outstandingly
successful and has served this committee and its sponsor well. The committee
gained substantively from the experiences of those who have been close to com-
mercial vaccine manufacture in the past, while it maintained its integrity by
placing known biases and conflicts of interest on the table during discussions and
also drawing heavily on the past experiences of other committee members in the
regulation of vaccines and in both public and private vaccine development efforts.

Stanley M. Lemon, M.D.
Committee Chair
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Executive Summary

PROJECT RATIONALE AND ORGANIZATION

Tremendous strides have been made in public health, the control of infec-
tious diseases, and preventive medicine during the past century. Nevertheless,
infectious agents remain a substantial threat to the operational capacity of U.S.
military forces for three distinct reasons: (1) recruits continue to train in groups
under crowded conditions, increasing the risk of spread of infectious agents;
(2) deployed warfighters, whether on combat or peacekeeping missions, continue
to come into contact with pathogens with which they have no prior experience
and, therefore, against which they have no immunity; and (3) warfighters, along
with others, face an increasing risk of the intentional use of weaponized infec-
tious agents.

To review the process by which the U.S. military acquires vaceines to protect
its warfighters against natural infectious disease threats, the Institute of Medicine
(IOM) of the National Academies convened an expert committee, the Committee
on a Strategy for Minimizing the Impact of Naturally Occurring Infectious Dis-
eases of Military Importance: Vaccine Issues in the U.S. Military, in April 2000
to advise the U.S. Army Medical Research and Materiel Command (USAMRMC).
This report is the final product of that IOM committee.

The charge to the committee was as follows:

The committee will analyze available information, hold workshops and make specific

recommendations on both technical and policy aspects regarding the Department of

Defense vaccine strategy to combat infectious diseases. The issues include: (1) reviewing

the problem of the naturally occurring infectious diseases threat to military operations;

(2) defining and prioritizing the diseases of relevance to the U.S. military; (3) determining
the status of vaccines available to protect military personnel; (4) examining the Military
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Infectious Diseases Research Program (MIDRP), with particular emphasis on current
disease priorities, vaccine product development, and the role of the MIDRP not only
within the framework of the overall Military Acquisition model, but also among other
Federal government infectious disease programs; (5) reviewing the roles, if any, that the
MIDRP should play in the licensure, manufacture, and distribution of vaccines against
diseases of military importance, in the context of current interrelationships within DoD
and among other federal agencies, industry, and university rescarch activities; and
(6) developing recommendations for a comprehensive strategy and doctrine that MIDRP
and DoD could adopt to best use their resources to contribute toward the goal of effective
development, licensure, production, stockpiling, distribution, and use of vaccines against
naturally occurring diseases of military importance. Other issues regarding vaccine strate-
gies against infectious diseases are likely to be brought to the attention of the committee
by the DoD.

Based on their pre-committee experience, committee members believed that
DoD’s current administrative separation of acquisition processes for vaccines
intended to protect against naturally occurring infectious diseases and acquisition
of vaccines for defense against biological warfare is scientifically—and likely
organizationally—unsound. The challenges of vaccine research and development
are similar for both natural and weaponized sources of infectious agents. More-
over, some of the agents are the same and vaccines remain a preferred defense for
both. Thus, although this report initially was intended to address only naturally
occurring infectious disease threats, because vaccine policy concerns related to
biodefense are inseparable from those dealing with naturally occurring disease
threats, the committee has touched on issues pertaining to the acquisition of
biodefense vaccines in this report when pertinent.

In addition, the committee has interpreted the charge’s reference to “defining
and prioritizing the diseases of relevance to the U.S. military” as a request to
address how DoD should approach the issue of prioritization, rather than a request
for the committee to offer a list of specific threats, diseases, or needed vaccine
products.

The IOM committee met six times. It held open sessions at its first five
meetings, hearing presentations from military personnel, those familiar with the
vaccine industry, and infectious disease and vaccine experts. The committee used
those briefings, its review of background material, and its members’ past experi-
ences and expertise in its deliberations.

The committee notes that various documents and individuals within govern-
ment—including the Department of Defense (DoD)—and elsewhere use the term
acquisition variably. For the purposes of its discussions, the committee defined
acquisition as the process by which DoD ensures that appropriate vaccines are
available for the protection of its forces. This process represents a continuum
extending from the first recognition of need for a vaccine, through the setting of
priorities, to the maintenance of a technology base. It includes internally con-
ducted or externally contracted product-oriented research, advanced product
development, and clinical studies leading to licensure. It also involves the estab-
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lishment and maintenance of effective manufacturing facilities and, ultimately,
the procurement (purchase) and stockpiling of vaccines for use by DoD for force
protection.

This report contains four chapters. It begins with an historical overview of
the influence of naturally occurring infectious diseases on U.S. military operations
and the research that has been conducted in response to the threats posed by
naturally occurring infectious diseases. Chapter 2 describes the role of USAMRMC
in DoD—in particular its Research Area Directorate for Infectious Diseases that
manages the Military Infectious Diseases Research Program (MIDRP)—in the
acquisition of vaccines against infectious diseases; the chapter includes the
committee’s understanding of how current priorities emerge and the organiza-
tional context within which MIDRP operates. Chapter 3 describes current natu-
rally occurring infectious disease threats and available vaccine countermeasures.
In Chapter 4, the committee presents its recommendations in the context of its
view of the limitations imposed by the current structure within DoD for manag-
ing the acquisition of vaccines against infectious diseases.

HISTORICAL OVERVIEW

A large body of historical literature describes the importance of infectious
diseases in deciding the results of military campaigns. Napoleon ceased his
advance in the eastern Mediterranean when faced with a plague outbreak in Jaffa.
Florence Nightingale achieved fame by addressing the fundamental hygiene
problems that had caused the extraordinarily high rates of injury-related gas
gangrene during the Crimean War.

Up until World War II, deaths due to infectious diseases outnumbered those
due to direct combat injuries (Gordon, 1958), and the potential remains for natu-
rally occurring or intentionally disseminated infectious diseases to play a pivotal
role in determining the outcomes of future conflicts. In addition, in recent years
U.S. troops have frequently been deployed to geographic regions where there
exist endemic infectious agents against which the U.S. military does not have
immediately available suitable, safe, and effective vaccines or appropriate chemo-
prophylactic agents.

Military strategists have recognized the threat to military operations from
infectious diseases since the beginning of the science of microbiology. The study
of epidemics in military populations and the research done by military epidemi-
ologists and microbiologists have led to major advances in public health and a
better understanding of many infectious disease agents and their mechanisms of
transmission. Two examples are Sir Ronald Ross’s studies on the role of the
Anopheles mosquito in the transmission of malaria and Walter Reed’s observa-
tions on the role of the Aedes aegypti mosquito as a vector for the spread of
yellow fever.



4 PROTECTING OUR FORCES: VACCINE ACQUISITION AND AVAILABILITY

Vaccines have served as a key mode of preventing infections among
America’s military forces since General George Washington ordered the system-
atic variolation of the Continental Army to protect the nascent nation’s soldiers
from smallpox.

VACCINE MISSION AND PROCEDURES OF USAMRMC

USAMRMC, a subordinate command of the U.S. Army Medical Command,
is charged with solving medical problems and providing medical product solu-
tions to the U.S. armed forces. Among these solutions are vaccines. USAMRMC’s
primary goal is to protect and sustain the health of the warfighter. Its website
states that it is responsible for medical research, product development, tech-
nology assessment and rapid prototyping, medical logistics management, health
facility planning, and medical information management and technology.

USAMRMC estimates its fiscal year 2002 infectious diseases research fund-
ing (both vaccine-related and other projects) at approximately $63 million, not
including its congressionally mandated and separately funded HIV-related activi-
ties.! With activities throughout the United States and overseas, USAMRMC
works from its headquarters, six research laboratory commands, and six adminis-
trative commands or directorates. The Army assigns approximately 4,600 military
and civilian personnel to these units. As part of its medical research and develop-
ment charge, USAMRMC manages research as well as product development
related to, among other things, vaccines and therapeutic agents aimed at prevent-
ing and controlling naturally occurring infectious diseases that are perceived to
threaten the operational effectiveness of the armed forces. However, USAMRMC
does not manage the advanced development of vaccines against weaponized
infectious agents; DoD assigns that mission to the Joint Vaccine Acquisition
Program.

Despite its role in vaccine acquisition, USAMRMC is not formally involved
in determining DoD policy for vaccine use. The Office of the Assistant Secretary
of Defense for Health Affairs establishes and implements policies relating to the
health care services to be offered to the members of the U.S. armed forces. The
civilian expert members of the Armed Forces Epidemiological Board, a standing
scientific advisory committee under the executive agency of the Army, serve as
scientific advisers to DoD and address issues such as disease control, health
maintenance, and disease prevention, including the use of vaccines.

It is noteworthy that USAMRMOC is but one of many players in the current
process in DoD by which the earliest recognition of a military medical problem
leads to the development and acquisition of a licensed vaccine that is available
for use by military personnel. Proposals for the acquisition of new vaccine

IDollar estimates are shown in more detail in Table 2-1 of the full report.
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products for use by military personnel must pass through a complex series of
priority-setting and budgeting processes and through the hands of various
USAMRMC managers, as well as numerous DoD stakeholders outside
USAMRMC. Within USAMRMC, the Research Area Directorate for Infectious
Diseases, through MIDRP, which involves all military services, coordinates the
early stages of research and development; and the U.S. Army Medical Materiel
Development Activity works on the advanced development of specific products.
DoD’s research efforts are facilitated by a number of cooperative agreements that
are used to secure relationships with vaccine manufacturers, academic institu-
tions, other governments, and U.S. government agencies other than DoD.

Within DoD, operations and maintenance funding for the purchase and main-
tenance of acquired medical products (including vaccines) is managed separately
from the research and development funding for vaccine-related research and
development. Vaccine products recommended for use for the protection of new
recruits or for general use among all members of the armed services are procured
with funds for medical care (Defense Health Care). The USAMRMC command-
ing general has no authority in this process. Some vaccines recommended for use
in specific deployments do, however, fall within the nominal authority of the
USAMRMC through the U.S. Army Medical Materiel Agency.

DoD administers 17 different vaccines for the prevention of infectious dis-
eases among military personnel. The vaccines are administered to military per-
sonnel, where appropriate, on the basis of military occupation, the location of the
deployment, and mission requirements.

DISCUSSION

Protecting the health of military personnel is essential to national security.
Vaccines are often the most cost-effective way to protect individuals from infec-
tious diseases, but their value is easily overlooked both within the civilian public
health sector and within the military. The committee believes that DoD must
assign a much higher priority to vaccine acquisition than it does now. In sifting
through the evidence and hearing from a considerable number of those who are
directly involved with vaccine acquisition, the committee came to realize that the
current DoD vaccine acquisition process does not take sufficient account of the
fact that vaccines are complex systems and not simply commodities that can be
specified, procured, and placed on the shelf for future use.

Much care and forethought are required for the development and initial
acquisition of vaccines. The need for attention does not end once vaccines are
licensed and made available to the military. DoD must continuously monitor the
status of licensed vaccines and needs to have the ability to modify vaccines,
including manufacturing processes and the facilities in which vaccines are pro-
duced, as regulatory agencies seek changes in the light of new scientific knowl-
edge or in an effort to ensure product safety. To do this efficiently, the committee
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concluded that a single authority needs to oversee both the advanced develop-
ment and the procurement of vaccines, among other parts of the process, lest a
licensed product be lost from the armamentarium because of an inability to
support further refinement and development of the vaccine. An example of DoD’s
lack of attention to the systems aspects of a protective vaccine is the loss of the
vaccines against adenovirus serotypes 4 and 7 and the increased rates of respira-
tory disease that occurred among basic trainees when the vaccines were no longer
available. A consolidation of authority across the entire spectrum of vaccine
acquisition activities would help to solve this problem, as laid out in the specific
recommendations that follow. At the same time, the committee concluded that
the current duplication of management structures—for acquisition of vaccines for
protection against biological warfare and for those for protection from naturally
occurring infectious diseases—makes little sense. This is because many pathogens
that may be used for biological warfare also occur naturally, and because the
scientific, technical, manufacturing, and stockpiling issues that both programs
face are so very similar.

After reviewing the available evidence, the committee concluded that DoD’s
vaccine acquisition procedures, coupled with its complex annual budgeting pro-
cess, significantly hamper its vaccine acquisition activities and thwart effective
coordination with the vaccine industry. These limitations prevent DoD from
developing important vaccines. They also cause instability in essential vaccine-
related research programs and result in an inability to have available for immediate
use those vaccines that are critical for the protection of military personnel. Such
an inefficient acquisition process puts military readiness at risk. Some militarily
important vaccines are not available, in whole or in part, because of poorly
aligned acquisition processes and an inadequate commitment of financial
resources rather than uncleared scientific or technological hurdles.

DoD’s approach to vaccines originates with the best intentions, involves
skilled individuals, millions (but not sufficient millions) of dollars in funding,
and intricate planning. Still, the committee believes that limitations in the acqui-
sition process make the path from basic research to the procurement and use of
vaccines both inefficient financially and cumbersome, resulting in occasional
failure (as in the case of the adenovirus type 4 and 7 vaccines) and unacceptable
delays (in the case of the anthrax vaccine) in vaccine acquisition. This approach
risks the success of military operations and the health of personnel, and poten-
tially places national security in jeopardy.

RECOMMENDATIONS

The committee’s recommendations, presented in Box ES-1, cover four broad
aspects of the acquisition process: organization, authority, and responsibility;
program and budget; manufacturing; and regulatory status of special-use vaccines.
Chapter 4 of the report discusses each recommendation and provides the avail-
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BOX ES-1
Committee Recommendations

Organization, Authority, and Responsibility

The committee recommends that the Department of Defense:

1. Combing all DoD vacc¢ine acquisition. responsibilities under a single DoD
authority that includes the entire spectrum of responsibility—from potential threat
definition’ through research and development, advanced product development,
clinical trials, licensure, manufacture, procurement, and continued maintenance of
manufacturing practice standards and regulatory compliance.

2..Consolidate infrastructure, funding, and personne! for DoD acquisition pro-
grams for biodefenseé and naturally occurring infectious disease vaccines.

: 3. Ensure that theré'is an effective, ongoing senior advisory group—-one provid-
ing perspectives from both within and outside of DoD-—to assess program priorities
and accomplishments, to act as & proponent for vaccines and other infectious
disease countermeasures, and to maintain active relationships with current science
and technology leaders in academic, government, and corporate sectors.

Program and Budget BN :

The committee recommends that the Department of Defense

4.-Provide budget resources commensurate with the task.

5. Actively encourage the development, distribution, and use of a weli-defined
and validated research priority-setting mechanism, which could involve prioritized,
weighted lists of infectious disease threats and formal scenario-planning exercises.
To do so requires infectious diseases survemance and the collection and synithesis
of epidemiologic information. ;

8. Include programming goals that ensure gredter strength and continuity inthe
science and technologybase across the full spectrum of infectious disease threats,
including resedrch related to the epidemiology of infectious diseases, the nature of
protective immunity, énd both early and advanced vaccine product development,

7. Leverage DoD research efforts by building greater interactions and an effec-

* - tive formalized coordinating striicture that links DoD résearch to vaccine develop-
ment activities carried out by the Department of Health and Human Services and
other public and pnvate groups :

Manufacturing

The commitiee recommends that the Department of Defense:

8. Work toward manufacturing arrangements that-ensure consistent vaceine
availability by addressing long:term commitment, predictable volumes and prices,
indemnification, and intellectual property issues. These arrangements should
include consideration of vaccine-specific, government partnerships with individual
private ‘manufacturers, a private ‘manufacturer consortium, and government-
owned, contractor-operated vaccine-production facilities.

Regulatory Status of Special-Use Vaccines

The committee recommends that the Department of Defense:

9. Vigorously seek a new paradigm for the regulation of special-use vaccines
that remain in Investigational New Drug status with the Food and Drug Administra-
tion without reasonable prospects of licensure under current rules, ensuring dem-
onstration of the safety and efficacy of these products commensurate with their
anticipated use.
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able supporting evidence and a description of the committee’s reasoning that led
to each recommendation.

CONCLUSION

Partly because of the past success of DoD research programs, the public and
even DoD personnel outside of the medical sphere know little about the contribu-
tions of the military’s infectious disease programs or the threats that its products
have ameliorated. By creating a single vaccine authority with a credible advisory
board and with budgetary authority and responsibility extending across the broad
continuum of the vaccine acquisition cycle, from setting priorities to stockpiling
of licensed products, DoD would enhance not only the effectiveness but also the
visibility of its vaccine program. The creation of such an authority would also
improve the likelihood that the vaccine acquisition process would be provided
with a budget that is sufficient to accomplish its mission. It is a mission of
enormous importance. Immunization is often the most effective means of pre-
venting infectious diseases, in either civilian or military populations, and whether
caused by naturally encountered infectious agents or purposeful exposures related
to bioterrorism or biological warfare.

In summary, DoD’s vaccine acquisition program, despite its distinguished
history, diffuses responsibility and is inadequately funded; therefore, it cannot
produce the effort required to respond to a task that has been made more urgent
by the continuing emergence of new natural infectious disease threats and grow-
ing recognition of the risks of bioterrorism and biological warfare.

The committee urges DoD to work more aggressively with decision makers
in the U.S. Congress and in the executive branch to recognize that infectious
disease agents—whether they occur naturally or are weaponized as agents of
biological warfare or terror-—threaten military operations and, therefore and
implicitly, the welfare of the nation. Decision makers must recognize (1) the past,
imminent, and possible future successes of vaccines in minimizing those threats;
(2) the strong track records and reputations of military research programs in
developing vaccines used by the U.S. military as well as in civilian settings;
(3) the contributions that DoD’s medical research efforts make to foreign policy
and national security; (4) the threats to continued vaccine development and the
ultimate availability of vaccines that are posed by organizational and fiscal limits;
and, consequently, (5) the need for adequate, stable funding and strong manage-
ment authority. Such changes would allow DoD to optimally advance and exploit
the technology available for vaccine development, and to provide the best possible
protection of the nation’s armed forces against infectious diseases.



Introduction and History

NATURALLY OCCURRING INFECTIOUS DISEASES
IN THE U.S. MILITARY

Despite the tremendous strides that have been made in public health, the
control of infectious diseases, and preventive medicine during the past century,
infectious agents remain a substantial threat to the operational capacity of mili-
tary forces at the onset of the new millennium for three distinct reasons: (1) new
recruits are trained in groups under crowded conditions, increasing the risk of
spread of infectious agents; (2) warfighters, as a result of deployments, may come
into contact with pathogens with which they have no prior experience and, there-
fore, no immunity; and (3) warfighters, along with others, may face the inten-
tional use of weaponized infectious agents.

Until World War II, deaths due to infectious diseases outnumbered those due
to direct combat injuries (Gordon, 1958). A large body of historical literature
exists describing the importance of infectious diseases in deciding the results of
military campaigns. Napoleon ceased his advance in the eastern Mediterranean
when faced with a plague outbreak in Jaffa. Florence Nightingale achieved fame
by addressing the fundamental hygiene problems that had caused the extraordi-
narily high rates of injury-related gas gangrene during the Crimean War. She,
along with William Farr, compared mortality data for soldiers against a civilian
standard. Finding that men of military age in England and Wales had an annual
mortality of 9.2/1,000 compared to one of 35.0/1,000 for servicemen, Farr and
Nightingale showed that most of the excess mortality among members of the
military was due to contagious diseases and crowding (Curtin, 1989). Modern
conflicts have been no different, as evidenced by the experiences of the Axis
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forces with infectious hepatitis during the North African campaign and the wide
variety of infectious diseases that affected American warfighters in Vietnam.
Although the use of vaccines against plague and cholera significantly minimized
the incidence of those diseases among U.S troops in Vietnam (Ellenbogen, 1982;
Ognibene, 1987), diseases for which vaccines were not available—for example,
leptospirosis, meliodosis, and shigellosis—were prevalent (Ognibene, 1987).
Even in recent years, U.S. troops have been deployed to geographic regions
where there exist endemic infectious disease agents against which the U.S. military
does not have immediately available either suitable, safe, and effective vaccines
or appropriate chemoprophylactic agents. Infectious diseases continue to contrib-
ute substantially to morbidity during deployments, as shown in Figure 1-1.

The severity of the threat to military operations from infectious diseases has
been recognized since the beginning of the science of microbiology and has
prompted a substantial body of military research on the subject and many ad-
vances in public health. A better understanding of many infectious agents and
their mechanisms of transmission have come from careful studies of epidemics in
military populations and from research done by military epidemiologists and
microbiologists. Two examples are Sir Ronald Ross’s studies on the role of the
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FIGURE 1-1 U.S. Army hospital admissions during war. SOURCE: NIC (2000).
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Anopheles mosquito in the transmission of malaria and Walter Reed’s observa-
tions on the role of the Aedes aegypti mosquito as a vector for the spread of
yellow fever. Another example is offered by the classic studies of infectious and
serum hepatitis (due to hepatitis A and hepatitis B viruses, respectively) that were
carried out by the U.S. Army during World War II and that clearly delineated the
separate and unrelated nature of these infectious agents and the diseases that they
caused (Paul and Gardner, 1960).

Immunization has long served as a key mode of prevention of infections in
military populations. General George Washington ordered the first systematic
immunization effort among American forces when he directed the variolation of
Revolutionary War soldiers serving in the Continental Army to protect them from
smallpox (Bayne-Jones, 1968). Table 1-1 summarizes important advances in the
control of militarily important infectious diseases that have resulted in part or in
whole from the activities of the Army Medical Department. The list is a veritable
history of public health advances and testifies to the key role that military scien-
tists and epidemiologists have played not only in keeping soldiers healthy but
also in contributing to improvements in the general public health.

Infectious Disease Threats During Recent Deployments of
U.S. Military Forces

U.S. troops must be prepared to be deployed anywhere in the world, often on
very short notice, whether it is for actual combat, for a training exercise, or to
serve as peacekeepers. Given the political instabilities in many parts of the world,
U.S. warfighters must be ready to be deployed into environments where the risk
of exposure to infectious diseases may be significant. Deployments occur in areas
with widely different climates and very different ecological and demographic
settings, including, within just the past 10 years, the Caribbean, the Middle East,
South-Central Asia, and the Western Pacific. As this report is being drafted, U.S.
warfighters are deployed in Afghanistan and are being sent in increasing numbers
to the Philippines, neither of which would have readily been predicted as a
location for deployment at the time that this study was commissioned. Predicting
the nature and magnitude of infectious disease risks in advance of deployments
may not always be possible, but maintaining a high degree of awareness is man-
datory, given the lessons of history and the clear benefit-to-cost ratio. Table 1-2
summarizes the scope of infectious disease risks that U.S. troops have faced
during deployments since 1900.

U.S. forces will face these risks, as well as new ones, as long as they are
deployed into unfamiliar environments. Global military disease surveillance ac-
tivities must continue to furnish information about these risks so that preventive
strategies can be developed .in the event of deployment (Ognibene, 1987).
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TABLE 1-1 Historical Highlights in the Control of U.S. Military Infectious
Diseases by Vaccines

Year Event

1777 Members of Continental Army inoculated with the variola virus to prevent
smallpox

1812 Cowpox immunization replaced variolation for prevention of smallpox in troops

1909 Typhoid vaccine developed

1927 Chloroform-treated single-dose rabies vaccine for dogs developed through work
done in the Philippines

1940s Dengue virus types 1 and 2 isolated; first experiments begun with dengue
vaccine

1940s Tetanus toxoid and diphtheria toxoid shown to be highly effective in preventing
wound-induced tetanus and diphtheria infections

1941 Armed Forces Epidemiological Board established; commissions established to
deal with influenza, hepatitis, encephalitis, and other diseases that threatened
the war effort; vaccine-related activities included conducting research and
providing immunization policy advice

1942 Influenza vaccine developed and used for mass immunization of military forces

1942 Yellow fever vaccine used in large numbers of military personnel; hepatitis B
virus contamination of serum causes a large common-source outbreak of
jaundice

1944 Smallpox vaccine licensed

1944 Troops stationed in Okinawa, Japan, immunized against Japanese encephalitis

1950s Discovery that adenovirus types 3, 4, and 7 cause most cases of acute
respiratory diseases in recruits; adenovirus vaccine research and development
initiated

1950s Anthrax vaccine developed

1960s Outbreaks of meningococcal meningitis on military posts stimulated the study
of meningococcal infection and the development of vaccines against
meningococcal groups A, C, Y, and W-135

1960s Plague vaccine proven effective in Vietnam

1960s Malaria vaccine program initiated (protection from bite of radiated mosquitoes

shown)
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Year Event

1965-1969 INDs* filed for vaccines against Venezuelan equine encephalitis, tularemia,
eastern equine encephalitis, and Rift Valley fever

1970s Development and testing of an oral typhoid vaccine

1970s Prototype vaccines against Russian spring-summer encephalitis and tick-borne
encephalitis made at Walter Reed Army Institute of Research (WRAIR)

1970s Live attenuated dengue virus vaccine strains developed; INDs filed

1970 Anthrax vaccine licensed

1972-1975 INDs filed for Q fever vaccine and live attenuated Venezuelan equine
encephalitis virus vaccine

1980 Adenovirus vaccines licensed for use in military populations, leading to ncarly'
complete control of epidemic respiratory diseases in recruits

1984-1986 INDs filed for vaccines against western equine encephalitis, Argentine
hemorrhagic fever, Venezuelan equine encephalitis, and chikungunya virus

1985 Efficacy of Japanese encephalitis vaccine demonstrated in Thailand; licensure
application coordinated by U.S. Army Medical Materiel Development Activity;
license granted by Food and Drug Administration

1985-1986 Hepatitis A vaccine developed and tested by WRAIR

1986 WRAIR classification of human immunodeficiency virus infections published

1987 Manufacturing technology for hepatitis A vaccine transferred from WRAIR to a
commercial manufacturer; vaccine licensed in 1995

1991 IND filed for Rift Valley fever vaccine

1996 Recombinant circumsporozoite malaria vaccine developed by the U.S. Army
and an industrial partner shown to be protective in human volunteers

1997 First successful vaccine against Shigella developed, produced, and tested

1998 First DNA vaccine against malaria administered to humans

* An investigational new drug (IND) application is filed when a product is ready for human testing.
Specific regulations govern the use of IND products (Investigational new drug application [IND]. 21
CFR § 312.20-312.21, subpart B [2001]; also see discussion in Chapter 3).

SOURCE: Modified from Hoke (2000a).
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TABLE 1-2 Major Infectious Disease Threats for Which There Were
No Licensed Vaccines at the Time of Deployments and Overseas Exercises

Place Year Infectious Disease Threat

Bosnia 1996 Diarrhea, hemorrhagic fever renal syndrome, mycoplasma
infection, tick-borne encephalitis

Haiti 1994 Dengue, malaria

Somalia 1993 Dengue, diarrhea, malaria

Botswana 1992 African tick typhus, malaria

Saudi Arabia, 1990-1991 Botulism,* diarrhea, enterotoxigenic Escherichia coli
Kuwait, and Irag infection, leishmaniasis, sandfly fever

Egypt 1983 Diarrhea

Lebanon 1982 Diarrhea

Vietnam 1959-1975  Dengue, diarrhea, hepatitis, Japanese encephalitis,

leptospirosis, malaria, melioidosis, murine typhus,
scrub typhus, sexually transmitted diseases (STDs;
especially gonorrhea)

Lebanon 1958 Diarrhea

Korea 1950-1953  Hepatitis, Japanese enccphalitis, Korean hemorrhagic
fever, malaria, STDs (especially gonorrhea)

World War 11, 1941-1946  Dengue, diarrhea, filariasis, Japanese encephalitis, malaria,
Pacific meningitis, schistosomiasis, scrub typhus, STDs
World War 11, 1940-1941 Diarrhea, hepatitis, malaria, meningitis, sandfly fever

North Africa

World War [ 1917-1918  Diarrhea, influenza, meningitis, pneumonia, tetanus,
typhus, wound infections

Cuba 1900 Malaria, typhoid, yellow fever

*The available product was not licensed and was administered as an investigational new drug.

SOURCE: Modified from Hoke (2000a).
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SETTING PRIORITIES FOR MILITARY MEDICAL RESEARCH
THROUGH THE TWENTIETH CENTURY

Since the end of the Cold War, the nature of U.S. military operations has
changed. The troop deployments of today are smaller, faster, more diverse, and
more diffuse, and they entail more frequent endeavors than military engagements
of yore. This shift in activity has been accompanied by a change in operating
strategy, including adoption by DoD of a fundamental Force Health Protection
(FHP) tenet. Central to FHP is the concept that “the most valuable, most complex
weapons system the U.S. military will ever field are its soldiers, sailors, airmen,
and marines. These human weapon systems require lifecycle support and mainte-
nance. . .” (JSLD, 1999, p. 2). Preventive medicine is a key component of FHP.
Vaccination is, in turn, a key component of infectious disease prevention.

DoD interest in infectious disease prevention has been reinforced by Presi-
dential Decision Directive NSTC (National Science and Technology Council)-7,
which calls for DoD involvement in stepped-up U.S. efforts to address emerging
infectious diseases (NSTC, 1996) and by National Intelligence Council (NIC)
recognition that infectious diseases pose a threat to national security. “New and
reemerging infectious diseases will pose a rising global health threat and will
complicate U.S. and global security over the next 20 years,” NIC concludes in its
January 2000 National Intelligence Estimate. “These diseases will endanger U.S.
citizens at home and abroad, threaten U.S. armed forces deployed overseas, and
exacerbate social and political instability in key countries and regions in which
the United States has significant interests” (NIC, 2000, p. 5). Similar sentiments
are echoed by many (IOM, 1992; Kassalow, 2001; Kelley, 1999). DoD’s respon-
sibility for the protection of military and civilian populations alike compels its
interest in infectious disease prevention and, by extension, vaccines.

History

Although many things have changed during the more than century-long
history of the Army Medical Department’s research and development efforts, the
Army Medical Department’s goal has stayed remarkably constant: highly focused
research and product development efforts designed to mitigate the impacts of
infectious diseases on military operations. In 1893, Army Surgeon General
George M. Sternberg established the Army Medical School, now the Walter Reed
Army Institute of Research, which has since served as a center for the Army’s
medical research efforts (Engelman and Joy, 1975). At the end of the nineteenth
and early in the twentieth century, for example, the department addressed the
infectious disease threats that caused the greatest numbers of casualties during
the Civil and Spanish-American Wars. It was not difficult for Sternberg, Reed,
and colleagues to know which diseases they should focus on: the well-recorded
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burden of typhoid fever, yellow fever, malaria, dengue, and diarrhea on military
operations and medical care systems had made the priorities obvious.

As late as the Vietnam War, the surgeons general of the armed services used
similar data—material that emerged from the military health care system and the
records of the influence of infectious diseases on the effectiveness of military
units—in setting priorities. In coming to their decisions, the surgeons general
regularly relied on advice from the Armed Forces Epidemiological Board, a
group of civilian experts who, for decades, considerably influenced both disease
prevention policies and military medical research priorities.

Not surprisingly, research needs have differed from war to war. World War
II generated intense research and development efforts on a wide range of infec-
tious diseases. In contrast, the Korean War generated an upsurge in more focused
research on malaria, arboviruses, and hemorrhagic fevers. The Vietnam War
experience resulted in focused attention on malaria, viral hepatitis, dengue, scrub
typhus, murine typhus, leptospirosis, bacterial diarrheas, and plague.

How Current Priorities Emerge

Ironically, the considerable success of these efforts has complicated the man-
agement of military medical research and development efforts to control infec-
tious diseases. For example, many infectious disease threats of the past are no
longer as dangerous as they once were. In the most recent deployments, military
preventive medicine measures such as the provision of safe water and food and
the use of vaccines, chemoprophylaxis, and vector control measures—along with
favorable combat conditions—have kept the numbers of casualties from infec-
tious diseases low. Therefore, decision makers often must rely on estimates of the
potential of newly emerging infectious diseases, the extent of emerging microbial
resistance to chemoprophylatic agents, and the regionally important illnesses for
which epidemiologic information may be incomplete and for which proven vac-
cines or medical countermeasures do not exist.

At the same time, funding decisions and the administrative processes by
which priorities are set must wend their way through increasingly complex layers
of bureaucracy. This process is described in detail in Chapter 2.

Despite historic successes, in recent years DoD vaccine acquisition efforts
have at times been troubled. This is best exemplified by the loss of the availability
of adenovirus, plague, and anthrax vaccines. Although the circumstances contrib-
uting to the loss of the availability of each vaccine differ, each case illustrates the
vulnerabilities inherent in the vaccine acquisition system.

In the 1960s and 1970s widespread adenovirus infections, especially those
due to serotypes 4 and 7, plagued the armed forces basic training facilities
throughout each winter-spring respiratory virus season, resulting in major
morbidity and some mortality, overtaxed and overcrowded hospital facilities, and
the loss of significant amounts of time from basic training as a result of recurrent
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explosive outbreaks. As a result, military research efforts were directed toward
the development of serotype-specific vaccines. These vaccines were shown to be
highly effective in trials in the 1960s and early 1970s (Edmondson et al., 1966;
Top et al., 1971) and became licensed in 1980. Administration of these oral, live
encapsulated adenovirus type 4 and 7 vaccines to recruits on the first day of their
arrival at a base rendered the outbreaks a thing of the past. After 25 years of
successful use, discussions between DoD and the manufacturer failed to produce
an agreement concerning improvements to the manufacturing facility that were
required by the Food and Drug Administration (FDA). The sole manufacturer of
the adenovirus vaccines stopped producing them in 1996, and the stock was
totally depleted by mid-1999. Subsequently, adenovirus illness reemerged as a
major cause of illness and hospitalization among new trainees (Gray et al., 1999;
McNeill et al., 1999; Sanchez et al., 2001). Virus studies in 1999 and 2000
revealed that 82 percent of the infections were again due to types 4 and 7.
Thousands of trainees have been affected, and as a result, many recruits must
repeat their training because of time lost due to illness (Gray et al., 2000). Three
basic training facilities found their infirmary and hospital facilities overwhelmed
and were forced to seek other accommodations for trainees requiring inpatient
care. The deaths of at least two previously healthy recruits have been attributed to
vaccine-preventable adenovirus infections (CDC, 2001). This committee issued a
letter report to the Commanding General of the U.S. Army Medical Research and
Materiel Command on November 6, 2000, to urge action to restore the availability
and production of adenovirus vaccines (IOM, 2000a). The letter report is reprinted
as Appendix A to this report.

The availability of the plague vaccine has also been interrupted. Plague
vaccine, first manufactured in the United States by Miles Inc. in 1942 (IOM,
1993), has mostly military but some commercial applications. In 1990, Greer
Laboratories took over production of the vaccine (AFEB, 1999). In a September 22,
1997 warning letter to Greer Laboratories, FDA outlined several significant
deviations from FDA production guidelines in the manufacture of the company’s
plague vaccine (FDA, 1997c). Greer Laboratories discontinued the vaccine in
1998 because “FDA requirements for further testing and validation of the product
could not be financially justified, and DoD was not able to fund further studies”
(Greer Laboratories, 2001). Currently, plague vaccine is not available to protect
U.S. forces.

The anthrax vaccine, adsorbed, also was available in only limited supply to
the U.S. military due to regulatory compliance issues. The license to manufacture
the vaccine was granted to one manufacturer, the Michigan Department of Public
Health, in 1970. Ownership of the facility was transferred to Michigan Biologics
Products Institute (MBPI) in 1995 and in 1998 the facility was sold to BioPort.
Bioport retains the sole license to manufacture the anthrax vaccine. In March
1997, FDA issued MBPI a Notice of Intent to Revoke after routine inspection of
the manufacturing facility by FDA in November 1996 revealed “significant devia-
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tions from the Food, Drug, and Cosmetic Act, FDA’s regulations and the stan-
dards of MBPI’s license” for the manufacture of blood-derived products and
bacterial vaccines (FDA, 1997a; Zoon, 2000, p. 12). Although production of the
vaccine had resumed in 1999 (IOM, 2002), BioPort had not been able to release
any new lots of the vaccine without further inspections and official FDA approval,
significantly restricting the availability of the vaccine to the U.S. military. BioPort
upgraded its facilities to comply with FDA standards and on December 27, 2001
and January 31, 2002, respectively, FDA approved a license supplement for the
renovations to BioPort’s facility and an additional supplement for the contractor-
operated filling site (BioPort Corporation, 2002; IOM, 2002). The approval of the
two license supplements has made the vaccine available—once again—to the
U.S. military.

ABOUT THIS REPORT

In April 2000, the Institute of Medicine (IOM) of the National Academies
convened an expert committee to advise the U.S. Army Medical Research and
Materiel Command on the management of research and development efforts
related to naturally occurring infectious disease threats to members of the U.S.
military, in particular, the acquisition of vaccines to prevent these diseases. This
report is the final product of that group, the Committee on a Strategy for Mini-
mizing the Impact of Naturally Occurring Infectious Diseases of Military Impor-
tance: Vaccine Issues in the U.S. Military.

The charge to the committee was as follows:

The committee will analyze available information, hold workshops and make specific
recommendations on both technical and policy aspects regarding the Department of
Defense vaccine strategy to combat infectious diseases. The issues include: (1) reviewing
the problem of the naturally occurring infectious discases threat to military operations;
(2) defining and prioritizing the discases of relevance to the U.S. military; (3) determining
the status of vaccines available to protect military personnel; (4) examining the Military
Infectious Diseases Research Program (MIDRP), with particular emphasis on current
disease priorities, vaccine product development, and the role of the MIDRP not only
within the framework of the overall Military Acquisition model, but also among other
Federal government infectious disease programs; (5) reviewing the roles, if any, that the
MIDRP should play in the licensure, manufacture, and distribution of vaccines against
diseases of military importance, in the context of current interrelationships within DoD
and among other federal agencies, industry, and university research activitics; and
(6) developing recommendations for a comprchensive strategy and doctrine that MIDRP
and DoD could adopt to best use their resources to contribute toward the goal of effective
development, licensure, production, stockpiling, distribution, and use of vaccines against
naturally occurring diseases of military importance. Other issues regarding vaccine strate-
gies against infectious discases are likely to be brought to the attention of the committee
by the DoD.

The TOM committee met six times, holding open sessions at its first five
meetings and hearing presentations from military personnel, those familiar with
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the vaccine industry, and infectious disease and vaccine experts. The committee
used those briefings, its review of background material, and its members’ experi-
ences and expertise in its deliberations. As the committee began its work, it made
two interpretive decisions about the charge it had been given.

On the basis of their experiences before they became members of the com-
mittee, committee members believed that DoD’s current administrative separa-
tion of research and development efforts related to vaccines against naturally
occurring infectious diseases and vaccines against biological agents that may be
weaponized was scientifically—and likely organizationally—unsound. The chal-
lenges of vaccine-related research and development are similar for vaccines
against both natural and weaponized infectious agents. Moreover, many of the
agents both occur naturally and can be used as biological weapons, and vaccina-
tion remains the preferred type of medical defense against both types of threats.
Thus, although this report was initially intended to address only naturally occur-
ring infectious disease threats, because vaccine policy concerns related to bio-
defense are inseparable from those dealing with naturally occurring infectious
disease threats, in this report, when pertinent, the committee has touched on
issues addressing the acquisition of vaccines against biological agents that may
be weaponized.

In addition, the committee has interpreted the charge’s reference to “defining
and prioritizing the diseases of relevance to the U.S. military” as a request to
address how DoD might approach the issue of prioritization rather than a request
for the committee to offer a list of specific threats, diseases, or needed vaccine
products.

Report Organization

This report, presented in four chapters, began with an historical overview of
the influence of naturally occurring infectious diseases on U.S. military opera-
tions and the research that has been conducted in response to these threats. In
Chapter 2, the committee describes the current role of the U.S. Army Medical
Research and Materiel Command in infectious disease-related research and devel-
opment and vaccine acquisition, including the committee’s understanding of how
current priorities emerge and the organizational context within which MIDRP
operates within DoD. Chapter 3 describes current naturally occurring infectious
disease threats and the available vaccine countermeasures. In Chapter 4, the
committee presents it recommendations in the context of its view of the limita-
tions imposed by the current structure for managing infectious disease-related
research and development and vaccine acquisition within DoD.




2

Resources, Responsibilities, and Dynamics
in the Military’s Vaccine Mission

The process of acquiring and maintaining the availability of vaccines for use
by the U.S. military is supported by an intricate, multitiered, and continually
changing Department of Defense (DoD) organizational structure that encom-
passes military and civilian elements and that operates within the respective
branches of the armed forces. The U.S. Congress has designated the U.S. Army
as the lead agent for DoD infectious diseases research.! The steps leading to the
availability of a vaccine that protects military personnel against an infectious
disease include identification of a need, research, development, testing, produc-
tion, evaluation, regulatory compliance, and procurement. In this chapter, the
committee describes these steps and associated DoD organizational components
to the extent that they are relevant to its charge.

Over the course of this study, this committee has come to appreciate, though
not completely comprehend, the complex and convoluted nature of the system by
which DoD acquires vaccines. The complexity of this system is, perhaps, best
depicted in Figure 2-1.

A more detailed description of this process—as it is understood by the com-
mittee—follows.

VACCINE MISSION OF THE U.S. ARMY MEDICAL RESEARCH AND
MATERIEL COMMAND

The U.S. Army Medical Research and Materiel Command (USAMRMC), a
subordinate command of the U.S. Army Medical Command (MEDCOM)

IDepartment of Defense Appropriations Act, 1982, P.L. 97-114 (1981).

20
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(Figure 2-2), is charged with solving medical problems and providing the armed
forces with solutions to these problems in the form of medical products; among
these solutions are vaccines. USAMRMC’s primary goal is to protect and sustain
the health of the warfighter (USAMRMC, 2001a). To accomplish this goal,
USAMRMC is “responsible for medical research, product development, tech-
nology assessment and rapid prototyping, medical logistics management, health
facility planning, and medical information management and technology”
(USAMRMC, 2001a).

With activities throughout the United States and overseas, USAMRMC com-
prises its headquarters, six research laboratory commands, and six? administra-
tive commands or directorates. These laboratory and administrative commands
are named as USAMRMC’s major subordinate commands in Figure 2-3. Approxi-
mately 4,600 military and civilian personnel are assigned to headquarters and the
12 subordinate units (USAMRMC, 2001a).

As the army’s medical materiel developer and logistician, USAMRMC has
specified five major core capabilities (USAMRMC, 2001c):

* Medical research and development

* Logistics and acquisition

* Information management/information technology
» Advanced technologies

* Congressional programs

As part of its medical research and development charge, USAMRMC has the
responsibility for managing research as well as product development related to,
among other things, vaccines and therapeutic agents aimed at preventing and
controlling naturally occurring infectious diseases that are perceived to threaten
the operational effectiveness of the armed forces. However, USAMRMC does
not manage the advanced development of vaccines against biological agents that
may be weaponized; DoD assigns that mission to the Joint Vaccine Acquisition
Program (JVAP) (see also footnote 13).

Despite its role in vaccine acquisition, USAMRMC is not formally involved
in determining DoD policy for vaccine use. The Office of the Assistant Secretary
of Defense for Health Affairs (ASD[HA]) is charged with establishing and imple-
menting policies relating to health care services for members of the armed forces.
The civilian expert members of the Armed Forces Epidemiological Board
(AFEB)—a standing scientific advisory committee under the executive agency of
the army established by P.L. 92-463 (AFEB, 2001)-—serve as scientific advisers
to DoD and address such issues as disease control and health maintenance and
disease prevention, including the use of vaccines.

2The U.S. Army Garrison at Ft. Detrick is not included in this total, although it is included in
Figure 2-3.
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U.S. ARMY MEDICAL DEPARTMENT

ORGANIZATION CHART
MEDICAL OFFICE OF THE
COMMAND SURGEON
(MEDCOM) GENERAL
I | I ] I ]
MEDICAL
RESEARCH AMEDD REGIONAL DENTAL VETERINARY
& MATERIEL CENTER MEDICAL COMMAND COMMAND CHPPM*
COMMAND & SCHOOL COMMANDS (DENCOM) (VETCOM)
(USAMRMC)
*Center for Health Prq on and

FIGURE 2-2 U.S. Army Medical Department (AMEDD) organizational chart. SOURCE:
USAMRMC (2002b).

Basic Research Resources

Medical research and development activities within USAMRMC are con-
ducted at six major laboratories, three laboratory detachments, and three overseas
laboratories (USAMRMC, 2001b):

U.S. Army Aeromedical Research Laboratory

U.S. Army Institute of Surgical Research

U.S. Army Medical Research Institute of Chemical Defense
U.S. Army Medical Research Institute of Infectious Diseases
U.S. Army Research Institute of Environmental Medicine

* U.S. Army Center for Environmental Health Research
Walter Reed Army Institute of Research

* U.S. Army Dental Research Detachment

* U.S. Army Medical Research Detachment

¢ Armed Forces Research Institute of Medical Sciences—Thailand
* U.S. Army Medical Research Unit—Europe

* U.S. Army Medical Research Unit—Kenya

oW

o

Infectious disease-related research activities are carried out within several of
these laboratories, specifically, the Walter Reed Army Institute of Research
(WRAIR) in Silver Spring, Maryland; WRAIR’s affiliated overseas laboratories
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(listed above); and the U.S. Army Medical Research Institute of Infectious Dis-
eases (USAMRIID) at Fort Detrick, Maryland. USAMRIID maintains Biological
Safety Level 4 research facilities. This capability permits research to be con-
ducted with lethal pathogens (e.g., viruses that cause hemorrhagic fevers). The
WRAIR complex includes a facility for the production of pilot lots of vaccines,
which allows scientists to move prototype vaccines rapidly into production under
good manufacturing practices (GMP)? “that assure [the] purity, quality & consis-
tency” of the product (Goldenthal, 2000).

The military also carries out infectious disease-related research at laborato-
ries operated by the Navy Bureau of Medicine, including those at the Naval
Medical Research Center, now colocated with WRAIR, and its affiliated overseas
laboratories—the Navy Medical Research Unit 3 in Egypt, the Navy Medical
Research Unit 2 (NAMRU-2) in Indonesia, and the Naval Medical Research
Center Detachment in Peru.

Military Infectious Diseases Research Program

USAMRMC’s core medical research and development program is divided
into four research area directorates (RADs) (USAMRMC, 2001a):

* RADI: Military Infectious Diseases Research Program (MIDRP)
* RAD2: Combat Casualty Care Research Program

* RAD3: Military Operational Medicine Research Program

* RAD4: Medical Chemical and Biological Defense Program

RADL is the research directorate that manages MIDRP, which is charged with
development of products to protect deployed warfighters against naturally occur-
ring infectious diseases. MIDRP management (represented as Research Area
Director for Infectious Diseases in Figure 2-2) coordinates the diverse and diffuse
infectious disease-related research and development activities of USAMRMC
and, on the basis of congressional direction,* coordinates the infectious disease-
related research activities of DoD research laboratories worldwide, including
laboratories that are not within USAMRMC’s direct command, such as the Navy
laboratories.

MIDRP’s mission is “to conduct, for the Department of Defense, a focused
and responsive world class infectious diseases research and development program
leading to fielding of effective and improved means of protection and treatment

3Current good manufacturing practice in manufacturing, processing, packing, or holding drugs,
general. 21 C.F.R. § 210 (2001); Current good manufacturing practice for finished pharmaceuticals.
21 C.F.R. § 211 (2001); Biological Products. 21 C.F.R. § 600 (2001).

4Depanment of Defense Appropriations Act, 1982. P.L. 97-114 (1981).
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to maintain maximal global operational capability with minimal morbidity”
(Hoke, 2000a, p. 5). USAMRMC cites as support for this program a September
1999 executive order that refers specifically to “diseases endemic to an area of
operations” and states that “it is the Policy of the United States Government to
provide our military personnel with safe and effective vaccines, antidotes, and
treatments that will negate or minimize the effects of these health threats” (Clinton,
1999).

Because it represents the naturally occurring infectious disease-related
research interests of USAMRMC, MIDRP’s scope could extend to any naturally
occurring infectious disease, endemic or newly emerging, that is judged to be
capable of influencing the outcome of military operations by producing excessive
morbidity, mortality, or disturbances to morale or whose occurrence could result
in the excessive consumption of resources. MIDRP operates as a source of infor-
mation and proponency for vaccine-related research and makes recommenda-
tions to the commanding general of USAMRMC regarding the allocation of
funds to the organizations that will conduct that research. Approximately 1,000
people—including uniformed and civilian scientists—are available to support the
infectious disease-related research mission of USAMRMC (Hoke, 2000a).

A summary of fiscal year (FY) 2002 USAMRMC infectious disease-related
research funding is shown in Table 2-1.

TABLE 2-1 USAMRMC Infectious Disease-Related Research Funding,?
FY 2002 (in millions)

Budget Activity? Vaccine Other Total
6.1 Basic research 2.8 6.5 9.3
6.2 Exploratory development 20.7 11.6 323
6.3 Advanced development 7.9 6.3 14.2
MIDRP funding total 31.4 24.4 55.8
6.4 Demonstration and validation 3.8 0.2 4.0
6.5 Engineering and manufacturing development 2.1 1.2 33
Advanced development funding total 59 1.4 7.3

aThe MIDRP director explained that figures given include relevant funding for the Science and
Technology Evaluation Program and Science and Technology Objectives. WRAIR overhead is a
large item that is distributed in proportion to the size of the two types of support. The figures in this
table do not include human immunodeficiency virus-related research activities, which are included
on a separate funding line.

bDecisions related to the allocation of 6.1 to 6.3 funds rest with MIDRP; decisions related to the
allocation of 6.4 and 6.5 funds do not.

SOURCE: Hoke (2002).
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Advanced Development and Logistics Resources

Intersecting with the basic laboratory-based research and development ac-
tivities that MIDRP coordinates are USAMRMC’s advanced development and
logistics management functions (Major Subordinate Commands listed in Figure
2-3), which include the following (USAMRMC, 2001a):

* Advanced development:

U.S. Army Medical Materiel Development Agency (USAMMDA)

» Contracting:

U.S. Army Medical Research Acquisition Activity (USAMRAA)
* Medical logistics:
U.S. Army Medical Materiel Activity (USAMMA) and
U.S. Army Medical Materiel Center Europe

* Health facilities planning:
Health Facilities Planning Agency

Three of the four major subordinate commands of USAMRMC play signifi-
cant roles in the vaccine acquisition process: USAMMDA, USAMRAA, and
USAMMA. The USAMRMC website describes the responsibilities of these sub-
ordinate commands as follows (USAMRMC, 2001a, p. 23):

The U.S. Army Medical Materiel Development Activity (USAMMDA), Fort Detrick,
Maryland, develops and fields medical products for U.S. Armed Forces, in conjunction
with the Army Medical Department Center and School (the medical combat developer)
and the U.S. Army Medical Materiel Activity (the medical logistician). Concepts/products
developed in the USAMRMC laboratories are transitioned to USAMMDA for advanced
development. USAMMDA plans, manages, and directs execution of medical materiel
development to achieve U.S. Army and Joint Service materic! system objectives to meet
cost, schedule, and performance. The USAMMDA also manages clinical data and coordi-
nates with the Food and Drug Administration for approval of medical materiel for human
use. The USAMMDA’s vision is to provide world-class medical solutions for U.S. war-
fighters.

The U.S. Army Medical Research Acquisition Activity (USAMRAA), Fort Detrick,
Maryland, provides contracting support to the USAMRMC and its worldwide network of
laboratories, to the Fort Detrick Army Garrison, military tenant activities, Army-wide
projects sponsored by The Surgeon General, and congressionally mandated programs.
The USAMRAA vision is to be a leader in innovation and the premier federal organiza-
tion committed to acquisition excellence. The USAMRAA staff has leaders in innovation
who are committed to acquisition excellence. They provide expert advice on procurcment
and assistance issues.

The U.S. Army Medical Matericl Agency (USAMMAY), Fort Detrick, Maryland, serves
as the Army Surgeon General’s central focal point and executive agent for all strategic
medical logistics. Its mission is to deliver and sustain responsive medical logistics support
for all worldwide military health care operations. The USAMMA serves as the AMEDD’s
[Army Medical Department] fielding command for all new medical materiel, and centrally
manages a variety of strategic logistics programs such as war reserve and critical item
asset management, deployment of matericl handoff teams, and operational oversight of
medical materiel acquisition vehicles. Core skills and technologies center on conducting
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life-cycle management for commercial and nondevelopmental items, sustaining and
modernizing the medical force, supporting exercises and contingency operations, and
promoting medical logistics information and knowledge. USAMMA personnel develop
and implement innovative logistics concepts and technologies, manage strategic war
reserve and critical items (e.g., anthrax vaccine), and manage the acquisition life cycle for
medical materiel.

RESEARCH, DEVELOPMENT, AND ACQUISITION IN CONTEXT

To make the journey from a recognized military medical problem to a
licensed and procured or available vaccine, an idea must pass through a complex
series of priority-setting and budgeting processes and through the hands of various
USAMRMC managers, as well as numerous DoD stakeholders outside USAMRMC.
Research priorities evolve through multiple channels. Officially, a military prod-
uct begins life as a perceived need—a problem that needs a solution. Needs are
first formalized as Future Operational Capabilities (FOCs). FOCs are worded
very generally and allow consideration of solutions based on doctrine,’ training,
leader development, organization, materiel (products), or the soldier (DA, 1999).
Preference is given to the quickest, least expensive solutions (often those that
involve doctrine) over the slowest, most expensive solutions (often those that
involve materiel) (DA, 1999).

MIDRP, with input from the service requirements offices, drafts product-
related objectives for review and modification by the Joint Technology Coordi-
nating Group-2,5 recommends draft objectives to the USAMRMC commanding
general, and develops research plans that reflect the goals outlined in FOCs.

Regarding materiel solutions for infectious diseases, FOCs allow, for instance,
consideration of vaccines, drugs, immunotherapies, immunoprophylactic prepa-
rations, vector control products, and diagnostic tests. As part of its threat identifi-
cation and prioritization duties, the Army Medical Department (AMEDD) Center
and School’ reviews the products that are being sought through MIDRP and
offers an assessment of their importance, providing feedback to MIDRP about its
priorities. Informal dialogue between MIDRP and the AMEDD Center and School
is ongoing, and inputs on infectious diseases threats are obtained from a number

SDoctrine is defined as “fundamental principles by which the military forces or elements thereof
guide their actions in support of national objections. It is authoritative but requires judgment in
application” (DTIC, 2002).

6According to the recommendations of AFEB, the Joint Technology Coordinating Group-2, a
subunit of the Armed Services Biomedical Research Evaluation and Management (ASBREM) sys-
tem, includes representatives from each service and seeks to coordinate infectious disease-related
research among the services (AFEB, 1991).

7The AMEDD Center and School’s Directorate of Combat and Doctrine Development establishes
concepts, requirements, doctrine, organizational structure, and equipment needs for all medical func-
tions of the Army (Scott, 2000). Other DoD commands similarly address these tasks through com-
mand centers and schools. )
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of sources.® The AMEDD Center and School also has the responsibility to pro-
duce a list of infectious disease threats (Scott, 2000). However, the most recent
threat list produced by AMEDD Center and School (approved by U.S. Army
Training and Doctrine Command [TRADOC]) was produced in 1986, with modi-
fications in 1987 and 1988 (Hoke, 2002; TRADOC, 1986).

The Assistant Secretary of the Army for Acquisition, Logistics, and Tech-
nology (ASA[ALT]) provides funds to support technology base-related research
efforts (6.1 through 6.3 research). MIDRP provides guidance regarding research
priority setting and manages the distribution of funds for that research (Table 2-1).
Each year, army research and development laboratories—both medical and non-
medical—submit to ASA(ALT) nominations of products to be selected as Army
Science and Technology Objectives (STOs). STOs are identified, refined, reviewed,
and prioritized annually through a process that involves input from a large number
of interested parties, including USAMRMC,? leading to final approval of the STO
program by TRADOC.!® Approved STOs receive priority funding (TRADOC,
1999). Multiyear funding for research is not available without a STO. Within
USAMRMC, the promise to provide specified STO funding is considered firm.
At present there are about 200 STOs throughout the army. Of those, approxi-
mately 30 STOs are medical, and 8 of those!! are within the purview of MIDRP.

$The Armed Forces Medical Intelligence Center, part of the Defense Intelligence Agency, main-
tains current knowledge of foreign medical and technology capabilities, environmental risks, and
infectious disease epidemiology to produce geographically focused assessments of threats. Resources
within DoD also contribute indirectly to the identification and prioritization of the need for vaccines
against infectious diseases. For instance, a number of DoD units gather information, such as the U.S.
Army Center for Health Promotion and Preventive Medicine, which operates the Army Medical
Surveillance Activity. Navy and air force units, such as the Naval Health Research Center’s Center
for Deployment Health Research and the Force Health Protection and Surveillance Branch at Brooks
Air Force Base, collect international information relating to epidemiology, disease surveillance, and
biological research. The DoD Global Emerging Infections Surveillance and Response System, for
which the army is the lead agent, also contributes to global infectious disease surveillance and
response efforts. It is the committee’s understanding that these inputs theoretically enter into the
infectious disease threat assessment and prioritization process through the AMEDD Center and
School. Sources outside the DoD (e.g., the National Intelligence Council) also gather valuable infec-
tious disease surveillance-related information.

IMIDRP formulates objectives and presents them to a Joint Working Group (JWG) for comment.
JWG is in a state of evolution. The commanders of the laboratories (WRAIR, USAMRIID, and
Naval Medical Research Center), their scientific directors, the members of the Joint Technology
Coordinating Group-2, and the USAMRMC Deputy for Research and Development are on the JWG
(Hoke, 2002).

10, 5 separate process, the Armed Services Biomedical Research Evaluation and Management
Committee (ASBREM) requests nominations of products as Defense Technology Objectives (DTOs).
ASBREM, which provides joint oversight of and focus for DoD biomedical science and technology
(Glenn, 2000), designates medical DTOs and monitors their progress through an annual Technology
Area Review and Assessment,

HCurrent vaccine-related STO areas include a multiantigen, multistage Plasmodium vivax malaria
vaccine; a multistage, multiantigen recombinant Plasmodium falciparum malaria vaccine; prevention
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New product development efforts may begin without formal documentation
of a specific need. In addition to formal STO efforts, USAMRMC maintains
other basic research activities under its Science and Technology Evaluation Pro-
gram (STEP). When enough is known to allow formulation of a specific product
plan, USAMRMC can then propose it as a STO.

In FY 2001, infectious disease vaccine-related research!? STEPs included
work on malaria vaccines, means for the prevention of diarrheal diseases,
flavivirus vaccines, the malaria genome project, hepatitis virus vaccines, menin-
gococcal vaccines, vaccine delivery, protection from viruses that cause hemor-
rhagic fevers and other highly lethal viruses, rickettsial diseases, and the preven-
tion of human immunodeficiency virus (HIV) infections in military personnel
(Hoke, 2000a). Figure 2-4 outlines the research and development path for vaccines.

At the end of the 6.3 program phase, projects are reviewed to determine their
suitability for advanced development. If a successful candidate (in the context of
this report, a candidate vaccine against a naturally occurring infectious disease)
emerges from the research and development technology base—the domain of
MIDRP—it is transitioned to the advanced development stage, at which time the
product leaves MIDRP management and becomes the charge of USAMMDA, 13
another part of USAMRMC. The transition to advanced development requires
formal documentation—in the form of an Operational Requirements Document
(ORD)—of a specific need for the product. An ORD specifies performance and
other operational parameters for the product, including estimates of the funds that
will be required, personnel requirements, and measurable capabilities and charac-
teristics of the proposed system (DoD, 2001e). Typically, 5 to 10 years might
pass after the start of work on a product before an ORD is written.

Once MIDRP recommends a product for transition to advanced develop-
ment, a USAMMDA product manager works with a research coordinator to
collect information and prepare a development plan. The vaccine product is then
presented to representatives of other DoD organizational elements involved in
the acquisition and procurement of medical materiel for approval. The core team
members are the combat developer (AMEDD Center and School), the materiel
developer (USAMMDA), and the logistician (USAMMA). Whether the potential
product makes the transition to advanced development depends on an assessment

of diarrheal diseases; and nucleic acid (DNA)-based vaccines to prevent dengue (ASA[ALT], 2001;
Hoke, 2002).

12These are therefore within MIDRP’s charge.

13Candidate vaccines for use against biological agents that may be weaponized are instead
transitioned to the Joint Vaccine Acquisition Program, JVAP. The Joint Vaccine Acquisition Pro-
gram, begun in 1996 as an outgrowth of a 1994 law directing DoD to coordinate its biodefense
activities (National Defense Authorization Act for Fiscal Year 1994, P.L. 103-60 [1993]; Johnson-
Winegar, 2000), is charged with coordinating the acquisition process for vaccines and other medical
products effective against validated biological warfare threat agents (JVAP, 2001).
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_ of technical feasibility, need, and the availability of funds. At this point in the

process, products are categorized on the basis of the estimated total program cost
(DoD, 2001e). Acquisition categories (ACATSs) determine the level of DoD
review, decision authority, and the procedures applicable for a given acquisition
project (DoD, 2001e). At present, each vaccine product is managed as a distinct
acquisition system. Vaccine products are managed as ACAT III (Iess than major)
systems, the lowest priority of the three ACAT levels (i.e., ACAT I, ACATII,
and ACAT III) (DoD, 2002; Personal communication, W. Howell, Department of
Defense, February 28, 2002).14

Consideration has been (and continues to be) given to packaging vaccines
together in project groups to increase their visibility within DoD and, subse-
guently, to increase their opportunities for funding. Also, a planned reorganiza-
tion of the advanced development is to be implemented in July 2002.15 This
reorganization is intended to refine the management of acquisition activities
within USAMRMC. Cumulatively, these changes are to bring USAMRMC acqui-
sition practices more in line with DoD norms. These changes will not, however,
directly affect basic research and development (vis-a-vis MIDRP).

The vaccine product competes with other products for funding for advanced
development and other resources, such as staff expertise. The funding path for
advanced development research (6.4 and 6.5) originates with the Deputy Chief of
Staff for Operations and Plans, U.S. Army (DCSOPS) and differs from the fund-
ing path for technology base research (6.1 through 6.3). Funding for advanced
development of vaccines against infectious diseases is substantially less (approxi-
mately $7.3 million total in FY 2002) than funding for technology base research
funding ($55.8 million total in FY 2002; see also Table 2-1). At present approxi-
mately seven!6 (Hoke, 2002) vaccine products are in advanced development.

Progress to advanced development can stall even though a technically fea-
sible product candidate may have been worked on for years. For instance, limited

14The highest-priority systems, ACAT I systems, are those systems estimated by the Under
Secretary of Defense for Acquisition, Technology, and Logistics (USD[AT&LY]) to require an even-
tual total expenditure for research, development, testing, and evaluation of more than $365 million
(in constant FY 2000 dollars) or an eventual total expenditure for procurement of more than $2.19 bil-
lion. ACAT II and ACAT Il programs are both considered nonmajor defense acquisition programs,
although the oversight mechanisms differ between them (DoD, 2001e).

15According to USAMRMC staff, the planned reorganization will form four advanced develop-
ment project areas: (1) information technology management, (2) pharmaceutical development,
(3) devices development, and (4) commercial off-the-shelf nondevelopment. Each project area will
have a project manager. Each project manager may in turn be responsible for a number of product
managers (e.g., all malaria-related products [drugs, vaccines, etc.] will have one product manager)
(Personal communication, W. Howell, Department of Defense, March 5, 2002).

16Including a wholecell, recombinant subunit vaccine against enterotoxigenic Escherichia coli, a
vaccine against Campylobacter, a vaccine against Shigella flexneri type 2A (SC602), a recombinant
vaccine against malaria (RTS,S), tetravalent vaccines against dengue, hepatitis E vaccines, and HIV
vaccines (Hoke, 2002).
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funds may be directed to projects that DoD considers—according to official
priority ranking or by decision-maker discretion—to be relatively more impor-
tant. Diseases may be sufficiently localized or so rare that populations appropri-
ate for efficacy testing are not available; or projects may face financial, ethical, or
regulatory constraints. Also, in the absence of partners in advanced development
of a product, further basic scientific development may be impractical.
Successful advanced development efforts proceed from advanced clinical
trials and upscaling of manufacturing for Phase I1I efficacy trials through to the
submission of a Biologics License Application to the Food and Drug Administration.

PROCUREMENT, STORAGE, AND DISTRIBUTION IN CONTEXT

Within DoD, funds for the purchase of medical products and the mainte-
nance of medical products that have been acquired (including vaccines) are sepa-
rate from funds for research and development. Program 6 funds are used to fund
6.1 through 6.5 research and development, and Program 8 funds are used to fund
operations and maintenance.

Once a product is licensed, AFEB and other organizations consider recom-
mendations for use of the product by military personnel. Each service is respon-
sible for procuring its own required vaccines in coordination with USAMMA, the
designated lead agent for vaccine supply (AFEB, 1999). Medical care facilities
purchase vaccine products recommended for routine use for the protection of the
health of the members of the armed forces (e.g., adenovirus vaccine), usually
directly from the vendor. Vaccine products recommended for use for the protec-
tion of new recruits or for general use among all members of the armed services
are procured with funds for medical care (Defense Health Care). The USAMRMC
commanding general has no authority in this process. Some vaccines recom-
mended for use in specific deployments do, however, fall within the nominal
authority of USAMRMC through USAMMA.

Vaccines that are DoD-wide requirements may be purchased from stocks
held by the Defense Logistics Agency and its inventory control point, the Defense
Supply Center, Philadelphia (DSCP). At the time of this writing, DSCP reports
that it stocks influenza and yellow fever vaccines (Hoke, 2002). Vaccines of
importance to the military that DSCP does not stock include those that are no
longer available (those for the prevention of adenovirus infection, cholera, Lyme
disease, and plague) as well as those otherwise available to prevent Haemophilus
influenzae type B infection; hepatitis A; hepatitis B; Japanese encephalitis;
measles, mumps, and rubella; meningococcal disease; pneumococcal disease;
polio (the inactivated vaccine); rabies; tetanus; diphtheria; typhoid; and varicella
(DSCP, 2002). DSCP manages the procurement and distribution only of those
vaccines that are licensed by the Food and Drug Administration (AFEB, 1999).
Available vaccines that DSCP does not stock are usually obtained directly from
the manufacturer on an as-needed basis. Some purchase agreements (prime vendor
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agreements) include clauses that obligate a supplier to meet military needs during
surges in demand (DMM, 2002). However, shortages and other supply issues can
affect timely access to many of the vaccines listed above that are otherwise
considered putatively available (DSCP, 2002).

EXTERNAL INTERACTIONS

A number of cooperative agreements facilitate DoD’s research efforts,
including Collaborative Research and Development Agreements (CRADAs),
Small Business Innovation Research awards, Dual-Use Science and Technology
(DUST) agreements, and other mechanisms. DoD uses these agreements to secure
relationships with companies, academic institutions, the governments of other
nations, and U.S. government agencies other than DoD.!17 USAMRAA processes
and monitors internal and external agreements.

The CRADA is a common mechanism used to make external vaccine-related
research and development agreements and one of the few means by which DoD
can accept resources from external sources. In late 2001, as many as 78 infectious
disease-related CRADAs involving as many as 69 partners were active (Hoke,
2002). Laboratory commanders or USAMRMC negotiate CRADAs. Partners use
CRADAs to form collaborative relationships, often for the development of spe-
cific products. CRADAs allow DoD’s partners to supply DoD with people and
in-kind resources. Laboratory commanders use CRADASs to acquire additional
resources to work on products that are related to the objectives of MIDRP,
extending their work into research areas where limited resources do not permit
full government funding (Booz Allen and Hamilton, 1999, p. 17). As a result
DoD laboratories may incur obligations to partner companies. Despite its charge
to oversee research related to infectious diseases, the MIDRP management office
(RAD1) reports that it is neither involved in CRADA development or approval
nor routinely informed of the terms of such arrangements.

The DUST program supports initiatives that may have some use in the civil-
ian sector as well as utility to the military. The program is funded by DoD dollars
drawn from research and development funds.. A complex formula governs the
amounts provided by companies and by the government. Scientists initiate DUST
agreements to take advantage of the available funds. In contrast to the approval
process for CRADAs, the MIDRP management office reports that it is heavily
involved in the review of proposed DUST agreements, providing input regarding
feasibility and program relevance.

Examples of current partnerships are shown in Table 2-2.

17S0me agreements are wholly internal to DoD, such as when USAMMDA enters into agreements
with DoD medical research laboratories (e.g., USAMRIID or overseas medical research laboratories)
for advanced development of products that emerged from the DoD technology research base.
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TABLE 2-2 Selected Current Vaccine-Related Agreements

Award Type Partner Organization

Project Title

DUST agreement
Acambis, Inc.

Acambis, Inc.

Small Business
Innovation Research
3rd Millennium Inc.

Eikos LLC

Small Business
Technology Transfer
Antex Biologics Inc.

CRADA

Multiple partners include:

» U.S. government agencies

* Non-U.S. government
agencies

* Pharmaceutical companies

* Biotechnology companies

» U.S. academic institutions

* Non-U.S. academic
institutions

Development of a live attenuated
vaccine for the prevention of diarrhea
caused by enterotoxigenic
Escherichia coli (ETEC)

Development of a subunit vaccine for
the prevention of Campylobacter
infection

Development of World Wide Web-
driven bioinformatic platform of
DNA microarrays

Platforms for rapid DNA microarray
prototyping

Development of a prototype
multivalent oral vaccine for travelers

Examples of projects include:

* Research of candidate vaccines for
the prevention of HIV infection
and AIDS

Development of a cholera vaccine
for military personnel

Research and development of
vaccine products against ETEC
Malaria vaccine development
Shigella vaccine development

SOURCE: Adapted from Hoke (2002).

Government Agencies and Nongovernment Organizations

Many international organizations and U.S. agencies other than DoD share
USAMRMC’s vaccine development mission to various degrees, although their
resources, specific areas of focus, and underlying purposes and the populations
that they serve may differ. From MIDRP’s perspective, the National Institutes of
Health (NIH) is a critical contributor to basic infectious disease-related research.
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NIH recently opened the Vaccine Research Center. NIH has devoted substantial
funds to globally important infectious disease-related research, and some of this
research is also of interest to USAMRMC (such as research on HIV—$2.8 bil-
lion/year [NIH, 2002b]—and malaria—$71 million/year [Personal communica-
tion, W. Crum, NIAID Office of Financial Management, June 14, 2002]). A
dramatic increase in NIH funding for research on biological agents that may be
weaponized, totaling $1.5 billion for the National Institute of Allergy and
Infectious Diseases alone, is requested in the President’s proposed FY 2003
budget (NIH, 2002a).

The Centers for Disease Control and Prevention (CDC) conducts outbreak
investigations and disease control efforts and has been charged with, for example,
the creation of a new national stockpile of smallpox vaccine (Gordon, 2001).
CDC also maintains stockpiles of vaccines—mostly mandated pediatric vaccines
such as the measles-mumps-rubella vaccine, tetanus-diphtheria toxoid, and inac-
tivated polio vaccine—through the companies that manufacture the vaccines to
ensure continued access to these vaccines for public health. CDC is considering
whether to stock new vaccines, such as Wyeth’s pneumococcal conjugate vaccine,
Prevnar, and Merck’s varicella vaccine, Varivax (Vaccine Stockpile Strategy,
2002). Although the Food and Drug Administration’s role is mostly regulatory,
the agency also maintains a research capability in biologics evaluation and research
and contributes to DoD’s research programs through the CRADA mechanism.

International organizations such as the World Health Organization and its
regional affiliates (such as the Pan American Health Organization) also under-
take vaccine-related research and development and facilitate the development of
programs to control vaccine-preventable diseases. Many DoD medical research
laboratories serve as reference laboratories for CDC (e.g., USAMRIID)
(USAMRMC, 2001a) and the World Health Organization (e.g., NAMRU-2)
(NAMRU-2, undated).

Interactions among these organizations and between these organizations and
DoD vary in their levels of formality, extent, and effectiveness. At present, some
program-level coordination of research efforts between DoD and other federal
agencies and international organizations exists. DoD representatives participate
in the National Vaccine Program Office Interagency Group, and DoD sends
liaisons to the National Vaccine Advisory Committee (NVPO, 2001). The DoD
research program in retrovirology is in frequent contact with HIV vaccine devel-
opment offices at NIH. DoD, NIH, and CDC voluntarily coordinate their malaria
vaccine programs through the Federal Malaria Vaccine Coordinating Committee
(FMVCC, 2001).

Academia

DoD also maintains relationships with academic researchers and institutions
for vaccine-related research and development. These relationships exist primarily
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at the research laboratory level. For example, NIH provides funds to the Univer-
sity of Massachusetts at Worcester to study the pathogenesis of dengue hemor-
thagic fever. The bulk of the field research funded through this grant is carried
out at the Armed Forces Research Institute of Medical Sciences, a subsidiary of
WRAIR, and at other institutions in Thailand. MIDRP also provides funding for
these projects. Although this collaboration is not specifically vaccine related,
MIDRP considers it to be productive because it lays substantial groundwork that
will be needed to field-test an anticipated vaccine against dengue virus.

MIDRP seeks input from academia through its peer review program for
proposed research. Since 1999, all internal research funded by MIDRP at army
and navy laboratories has been subject to review by external scientists.

Industry

DoD’s relationships with industry are complex. USAMRMC research labo-
ratories interact with industry at the vaccine research and development stage (see
Table 2-2 for examples) and at the vaccine procurement stage. Successful part-
nerships have been developed for the procurement of vaccines against influenza
virus, Japanese encephalitis virus, and hepatitis A virus. Difficulties with pro-
curement and maintenance have, however, halted or threatened the continued
production of vaccines that are needed, such as vaccines against adenovirus,
plague, and tetanus (Hoke, 2002). Over the years DoD has developed vaccines
against diseases including Rift Valley fever, Argentine hemorrhagic fever, eastern
equine encephalitis, western equine encephalitis, and Venezuelan equine encepha-
litis for which no commercial manufacturers have been identified.

Vaccines developed or marketed by foreign manufacturers for locally endemic
diseases may be of use to DoD from time to time (e.g., the vaccine against
Japanese encephalitis virus). Other vaccine products (e.g., the vaccine against
tick-borne encephalitis) have followed or are following similar development and
marketing paths but have not yet been licensed.

Also of note are instances in which a vaccine developed by the Army might
have international use that is greater than its direct use to the DoD (e.g., Rift
Valley fever). A 1990 analysis suggests that nearly 80 percent of the difference in
disease burden between the poorest and richest 20 percent of the world’s popula-
tion, in terms of death and disability-adjusted years, was attributable to commu-
nicable disease (Widdus, 2001). Many of the vaccines developed to protect
deployed U.S. forces may also be of benefit to the world’s poorest populations,
perhaps compelling DoD interest in a wider range of vaccine development efforts
than might be dictated by market forces alone. The committee observes that,
overall, the availability of a vaccine for military use is subject to many complex
and changeable interests within—and external to—DoD.




3

Current Status of Vaccines for
Military Personnel

The Department of Defense (DoD) administers 17 different vaccines, as
outlined in the Joint Instruction on Immunizations and Chemoprophylaxis (Sec-
retaries of the Air Force, Army, Navy, and Transportation, 1995), for the preven-
tion of infectious diseases among military personnel, where appropriate. The
vaccines are administered to military personnel on the basis of military occupa-
tion, the location of the deployment, and mission requirements. In this chapter,
the committee reviews information on the current availability of vaccines to DoD
and describes key projects in DoD’s vaccine development pipeline.

CURRENT STATUS OF VACCINES FOR MILITARY USE

Table 3-1 provides an overview of the major infectious disease threats to
U.S. military personnel and displays whether the appropriate vaccine product is
available for military use, is licensed in the United States by the Food and Drug
Administration (FDA), is an investigational new drug (IND), or is in develop-
ment. It is an incomplete list of potential threats and does not include a number of
infectious diseases or infectious disease agents for which a vaccine is neither
available nor in development, but against which the military might have a need
for a vaccine, such as Crimean-Congo hemorrhagic fever, West Nile encephalitis,
Nipah virus, Norwalk virus, Lassa fever, and other common infections or infec-
tious disease agents, such as gonorrhea, chlamydia, and tuberculosis. The infor-
mation presented in the tables that follow are based on material provided by the
U.S. Army Medical Research and Materiel Command (USAMRMC), FDA, and
the Pharmaceutical Research and Manufacturers of America (PhRMA) websites,
as well as presentations made to the committee.

39
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TABLE 3-1 Status of Vaccines for Specific Infectious Disease Threats to the

U.S. Military
Vaccine Available Vaccine Not Available
Had
Been Had In

Infectious Disease Licensed Licensed Licensed Been Develop-
or Infectious Diseasc Agent by FDA IND by FDA byFDA anIND ment
Adenovirus types 4 and 7 X X
Anthrax X X?
Argentine hemorrhagic X

fever (Junin virus)
Botulism (botulinum toxin) X
Campylobacter X
Chikungunya fever X
Cholera X X
Dengue X
Diphtheria X
Eastern equine encephalitis X
Ebola virus X
Enterotoxigenic X

Escherichia coli (ETEC)
Hantavirus X
Hepatitis A X
Hepatitis B X
Hepatitis C X
Hepatitis E X
Human immunodeficiency X

virus
Influenza X
Japanese encephalitis X X
Leishmaniasis X
Lyme disease X
Malaria X
Measles X
Meningococcal groups X

A, C Y, and W-135
Meningococcal group B X
Mumps X
Plague X X
Pneumococcal X
Poliovirus types I, I, and Il X
Q fever X<
Rabies X
Rift Valley fever X
Rubella X
Scrub typhus X
Shigella X

continued
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TABLE 3-1 Continued

Vaccine Available Vaccine Not Available

Had

Been Had In
Infectious Disease Licensed Licensed Licensed Been Develop-
or Infectious Disease Agent by FDA IND by FDA byFDA anIND ment
Smallpox xed X
Tetanus X
Tick-borne encephalitis® X X
Tularemia Xe
Typhoid fever X
Varicella X
Venezuelan equine Xe X

encephalitis

Western equine encephalitis Xe
Yellow fever _ X

aDoD awarded Barr Laboratories a contract (September 25, 2001) to develop and manufacture
adenovirus type 4 and 7 vaccines (DoD, 2001b).

b Several anthrax vaccines are in development, including two by DoD and one by the National
Institutes of Health (Johannes and McGinley, 2001).

< For special use only; the vaccine has a limited availability and is no longer being produced (Pittman,
2000).

d DHHS initially contracted OraVax (now a part of Acambis, Inc.) to produce 50 million doses of a
cell culture smallpox vaccine (Acambis, Inc., 2000). After the events of September 11, 2001, and the
anthrax mailings in October 2001, the Department of Health and Human Services expanded its
contract. The $428 million contract with Acambis, Inc. (and its subcontractor, Baxter International),
is to produce 155 million additional doses of the smallpox vaccine (DHHS, 2001). DynPort Vaccine
Corporation, DoD’s prime vendor contractor through the Joint Vaccine Acquisition Program, has
linked with BioReliance to produce 300,000 doses of a smallpox vaccine (Brownlee, 2001; Johnson-
Winegar, 2001).

¢ The tick-borne encephalitis vaccine is not licensed or available in the United States but is available
in Europe (USAMMDA, 2001a).

SOURCES: Adapted from DoD (2001a), FDA (2001b, 2002a), NIAID (2000), PhRMA (2000),
Pittman (2000), USAMRMC (1999), and Zoon and Goldman (2002).

The committee is not aware of a standard definition of the term “vaccine
availability” or of any threshold for determining whether a vaccine should be
considered available. Some vaccines are available only through difficult and
unusual processes or circumstances. For example, special operations troops may
be at risk for smallpox, and in such cases arrangements must be made to transfer
the smallpox vaccine from the Centers for Disease Control and Prevention (CDC)
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to DoD.! Some vaccines are manufactured in small pilot lots and are available as
INDs through DoD’s Special Immunizations Program (SIP) to “individuals who
have a high occupational risk—Ilaboratory workers, facilities inspectors, vaccine
manufacturers and certain military response teams” (Boudreau and Kortepeter,
2002). The precision displayed in Tables 3-1 to 3-5 by the use of dichotomies
such as “limited availability” or “unavailable,” although helpful as an overview,
belies a fluid and complex actuality. At a minimum, the names of the manufactur-
ers keep changing as corporate entities merge, grow, or realign themselves. Inter-
national coordination is required for some vaccines that are manufactured outside
of the United States but licensed in the United States by FDA. Others are manu-
factured and licensed outside the United States, presenting different and usually
more complex acquisition problems.

Nonetheless, the 51 infectious disease threats listed in Tables 3-2 through
3-5 are classified according to the availability of related, specific vaccine products
or other biological countermeasures. Specifically, Table 3-2 lists vaccines that
are licensed and generally available for use by DoD personnel. It also lists the
number of manufacturers involved. Table 3-2 demonstrates that most of these
vaccines are manufactured by single suppliers and thereby suggests the fragility
of the vaccine supply essential to military readiness. Table 3-3 lists vaccines that
were previously licensed by FDA but that are no longer available to DoD. This
list includes vaccines against smallpox and plague, further illustrating the armed
forces’ vulnerability to potential biological warfare agents. Tables 3-4 and 3-5
list vaccines that, although never licensed by FDA, have at times been available
for DoD use as products with IND status. Table 3-4 lists those vaccines that are
available only under the restrictive regulations governing the use of products with
IND status, whereas Table 3-5 lists the subset of products that are no longer
produced but that are available to a limited number of military personnel as INDs
through DoD’s SIP.

Many of the special-use vaccines that were once licensed or used by the
military as products with IND status are no longer available. This situation arises
as a result of any of a variety of obstacles. For most vaccines that are products
with IND status, there was simply insufficient funding for advanced develop-
ment. For other products, it was deemed difficult, if not impossible, to demon-
strate their effectiveness and safety in humans, thus preventing the possibility of
their licensure. Market factors, such as inadequate sustained demand, are obstacles
as are a lack of interest or monetary incentive for industry to participate in the
development or scale-up of the production process, the lack of an adequate physi-
cal infrastructure to meet the regulatory requirements for manufacture of the

IpynPort Vaccine Corporation, DoD's prime vendor contractor through the Joint Vaccine Acqui-
sition Program, has linked with BioReliance to produce a smallpox vaccine. The vaccine is being
evaluated at the University of Kentucky, and Phase I clinical trials began in April 2002 (Gay, 2002;
Johnson-Winegar, 2001) .
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TABLE 3-2 FDA-Licensed Vaccines and Related Biologics Available to U.S.

Military Personnel

Product

Manufacturer(s)

Anthrax vaccine, adsorbed
Botulism antitoxin?
Hepatitis A vaccine, inactivated

Hepatitis A, inactivated, and hepatitis B
(recombinant) vaccine
Hepatitis B vaccine, recombinant

Influenza virus vaccine, trivalent,
types A and B,
current (2001-2002) formula

Japanese encephalitis virus vaccine,
inactivated

Measles virus vaccine, live, attenuated

Measles and mumps virus vaccine, live

Measles, mumps, and rubella virus
vaccine, live

Meningococcal polysaccharide vaccine,
groups A, C, Y, and W-135

Mumps virus vaccine, live

Pneumococcal 7-valent conjugate
vaccine :

Pneumococcal polysaccharide
polyvalent vaccine

Poliovirus vaccine, inactivated

Rabies immune globulin

Rabies vaccine

Rubella virus vaccine, live, attenuated
Smallpox vaccine?
Tetanus and diphtheria toxoid, adsorbed

Tetanus immune globulin

Tetanus toxoid
Tetanus toxoid, adsorbed

Typhoid vaccine, Vi, polysaccharide
Typhoid vaccine, live, oral Ty21a
Varicella vaccine, live, attenuated
Yellow fever vaccine, live, attenuated

BioPort Corporation

Aventis Pasteur, Inc.
GlaxoSmithKline Biologicals
Merck & Co., Inc.
GlaxoSmithKline Biologicals

GlaxoSmithKline Biologicals

Merck & Co., Inc.

Aventis Pasteur, Inc.

Evans Vaccines Limited

Wyeth Vaccines

Research Foundation for Microbial Diseases of
Osaka University (Biken)

Merck & Co., Inc.

Merck & Co., Inc.

Merck & Co., Inc.

Aventis Pasteur, Inc.

Merck & Co., Inc.
Wyeth Vaccines

Wyeth Vaccines

Merck & Co., Inc.

Aventis Pasteur, SA

Aventis Pasteur, SA

Bayer Corporation

Aventis Pasteur

Chiron Behring GmbH & Co.

Merck & Co., Inc.

Wyeth Vaccines

Aventis Pasteur, Inc.

Massachusetts Public Health Biologic Laboratories
Bayer Corporation

Massachusetts Public Health Biologic Laboratories
Aventis Pasteur, Inc.

Aventis Pasteur, Inc.

Massachusetts Public Health Biologic Laboratories
Aventis Pasteur, SA

Berna Biotech

Merck & Co., Inc.

Aventis Pasteur, Inc.

a Only protects against types A, B, and E.
b Limited availability.

SOURCES: Adapted from FDA (2001b, 2002a), USAMRMC (1999), and Zoon and Goldman (2002).
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TABLE 3-3 Selected Vaccines Previously Licensed by FDA but Not Available

Product Manufacturer

Adenovirus type 4 vaccine, live, oral Previously manufactured by Wyeth Vaccines
(contract awarded to Barr Laboratories by DoD
on September 25, 2001)

Adenovirus type 7 vaccine, live, oral Previously manufactured by Wyeth Vaccines
(contract awarded to Barr Laboratories by DoD
on September 25, 2001)

Cholera vaccine Previously manufactured by Wyeth Vaccines
Lyme disease vaccine, recombinant GlaxoSmithKline Biologicals
OspA protein
Plague vaccine Previously manufactured by Greer Laboratories
(still holds license)
Smallpox vaccine Previously manufactured by Wyeth Vaccines;

limited stockpile

SOURCES: Adapted from FDA (2001b, 2002a), USAMRMC (1999), and Zoon and Goldman (2002).

TABLE 3-4 Vaccines Available to U.S. Military Personnel as IND Products

Product Manufacturer

Botulinum toxoid vaccine, pentavalent BioPort Corporation
Tick-borne encephalitis vaccine,
inactivated Baxter-Immuno Vertriebs GmbH*

* Although the DoD did administer the tick-borne encephalitis vaccine, inactivated, as an IND
product (AFEB, 1993), it does not now have an active IND application for the vaccine and cannot
administer it to U.S. military personnel. The vaccine is available in Europe; DoD and the manufac-
turer are having ongoing discussions about pursuing U.S. licensure for the vaccine (Personal commu-
nication, R. Tucker, October 25, 2001; USAMMDA, 2001a).

SOURCES: Adapted from FDA (2001b, 2002a) and USAMRMC (1999).

vaccine, or the inability of manufacturers to meet other regulatory requirements.
The last three factors also illustrate the importance of the transition from the
production of pilot lots of a vaccine to scale-up of production to a level for
clinical use of the vaccine by larger numbers of people. This transition requires
that a manufacturer (1) have the technical ability to produce the vaccine, the
physical infrastructure to produce the vaccine, and the personnel to divert toward
production of the vaccine; (2) possess experience with the regulatory and clinical
research affairs needed to successfully license a vaccine; and (3) have the financial
motive to engage in the long, arduous, and expensive licensing process in the face
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TABLE 3-5 Vaccines Administered as INDs That Are No Longer Being
Produced and That Are of Limited Availability

Product Manufacturer

Argentine hemorrhagic fever (Junin virus) vaccine, live, attenuated The Salk Institute
Chikungunya virus vaccine, live, attenuated . The Salk Institute
Eastern equine encephalitis vaccine, inactivated The Salk Institute
Q fever vaccine, inactivated The Salk Institute
Rift Valley fever vaccine, inactivated and live, attenuated The Salk Institute
Tularemia vaccine, live, attenuated The Salk Institute
Venezuelan equine encephalitis vaccine, live, attenuated and inactivated ~ The Salk Institute
Western equine encephalitis vaccine, inactivated The Salk Institute

NOTE: All the vaccines listed in this table were initially developed in U.S. Army laboratories. The
vaccines underwent further development and scale-up production (at pilot level for investigational
use) at the Swiftwater, Pennsylvania, plant of the Government Services Division of the Salk Institute
(French and Plotkin, 1999). The plant is now owned and run by Aventis Pasteur, Inc., and does not
include a government services division.

SOURCE: Pittman (2000).

of uncertain profits in the end. Time and again, these factors have limited the
engagement of the most experienced vaccine manufacturers in the production and
licensure of new vaccines, particularly special-use vaccines for use by the
military.

CURRENT STATUS OF SELECT MILITARY VACCINE-RELATED
RESEARCH PROGRAMS

Table 3-6 provides an overview of USAMRMC’s infectious disease research
program, showing the Joint Technology Coordinating Group-2 (JTCG-2)? prior-
ity ranking and the funding available to each research activity. Brief descriptions
of the current status of the select vaccine research programs supported by the
Military Infectious Diseases Research Program (MIDRP)? appear in the follow-
ing paragraphs.

Malaria Vaccine

Growing resistance to antimalarial drugs has increased the urgency of the
malaria vaccine effort. A candidate Plasmodium falciparum vaccine—

2A discussion of the role and function of the JTCG-2 group is provided in Chapter 2.
3A discussion of the role and function of MIDRP is provided in Chapter 2.
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TABLE 3-6 USAMRMC Fiscal Year (FY) 2001 Program Priorities, in
Decreasing JTCG-2-Assigned Rank, and FY 2000 Investment in Exploratory
Research

FY 2000
Investment in
Exploratory JTCG-2

MIDRP FY 2001 Program Priorities, Research FY 2001
by JTCG-2-Assigned Rank (millions of $)  Priority
Malaria vaccines 5.8 1
Malaria drug discovery program 4.8 2
Diarrheal vaccines 4.4 3
Flavivirus vaccines 29 4

(includes vaccines against tick-borne encephalitis
and dengue viruses)

Common diagnostic systems 0.5 5

Malaria genome project 14 6
Identification and contro! of insect vectors 1.6 7

Hepatitis E virus vaccine 0.9 8
Polyvalent meningococcal vaccine 0.5 9

Vaccine tech 1.1

Hemorrhagic fever and tick-borne encephalitis virus 0.8 10
Hantavirus vaccine 0.7 10
Rickettsial diseases 0.7 11
Leishmania research 1.5 Not ranked”
Human immunodeficiency virus research 15.0 Not ranked?
Walter Reed Army Institute for Research overhead 11.0

Total 53.6

Total for Vaccines 313

NOTE: Program priorities in boldface type represent vaccine-related research.

2Gulf War funding.
4U.S. Military HIV Research program is one of the Congressional Special Interest Medical Pro-

grams assigned to the DoD. Funding for these programs is added to the DoD budget by Congress and
is not in the President’s budget.

SOURCES: Michael (2000) and Hoke (2000a).

RTS,S*—has been in development for more than a decade by SmithKline
Beecham Biologicals (now part of GlaxoSmithKline [GSK]) and DoD. RTS,S

4RTS,S—*RTS,S is a fusion protein of the carboxyl-terminal half of the P. falciparum circum-
sporozoite protein, which includes part of the central repeating sequence ‘R’ and major T cell epitopes
‘T", and which is fused with the entire surface antigen ‘S’ of the hepatitis B virus” (Bojang et al.,
2001, p. 1927).
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combines the hepatitis B virus surface antigen with a circumsporozoite recombi-
nant protein as a virus-like particle formulated with the proprietary adjuvant
system AS02. In clinical trials, this vaccine was demonstrated to protect U.S.
volunteers against P. falciparum malaria and protected 70 percent of semi-
immune adults in a field trial conducted in The Gambia, albeit for only 2 months
(Bojang et al., 2001; Stoute et al., 1997). The joint efforts of DoD and GSK are
enhanced by a partnership with the Malaria Vaccine Initiative at the Program for
Appropriate Technology in Health® that is enabling evaluation of the vaccine for
use in children. A Phase I° trial is being conducted in The Gambia, and a Phase
II trial is planned for Mozambique in 2002 (GSK, 2001; MVI, 2001). In 1998, a
parallel navy program reported the safety of a candidate DNA-based vaccine and
its capacity to elicit killer T cells with specificity for malaria peptides. The navy
and its partners with which it has Cooperative Research and Development Agree-
ments (CRADAs), Vical and Aventis, are now constructing and testing more
complex vaccines. In November 2001, Vical and the U.S. Naval Medical Research
Center announced the results of Phase II clinical trials. The trials indicated that
the candidate vaccine was safe and well tolerated.

Vaccines Against Diarrheal Diseases

Current research activities directed at protecting military personnel and trav-
elers against the most common types of diarrheal diseases by use of vaccines
target some of the bacterial agents of those diseases, in particular, Campylobacter,
enterotoxigenic Escherichia coli (ETEC), and Shigella. Several candidate vac-

5The Malaria Vaccine Initiative was created through initial funding from the Bill and Melinda
Gates Foundation.

6Prelicensure vaccine trials are divided into three phases. Phase I clinical trials mark the first tests
conducted with humans and test the candidate vaccine’s safety and immunogenicity in a small
number (~20 to 80) of healthy volunteers. Phase II clinical trials also test the vaccine’s immunoge-
nicity and safety, but at this phase dose-ranging tests (how much of the vaccine/drug is needed to
produce the desired effect) are often initiated. About 100 to 300 subjects are often included in these
tests. Phase III clinical trials measure the vaccine’s safety, efficacy, and immunogenicity. This phase
should generally include thousands of patients and should provide sufficient benefit to risk data to
ensure licensure and “provide an adequate basis for product labeling” (FDA, 2001c¢). Although FDA
provides guidelines to steer manufacturers toward licensure of a product (Current good manufactur-
ing practice in manufacturing, processing, packing, or holding drugs; general. 21 C.F.R. § 210
[2001]; Current good manufacturing practice for finished pharmaceuticals. 21 C.F.R. § 211 [2001];
Investigational new drug application [IND]. 21 CFR § 312.20-312.21, subpart B [2001]; Biological
products: General. 21 C.F.R. § 600 [2001]; FDA, 1998), the number of individuals included in pre-
licensure trials of vaccines varies broadly. However, the committee understands that recent FDA
requests for prelicensure trials of vaccines to be used in civilian populations have often included
10,000 subjects and in one recent case 60,000 subjects. Efficacy and safety data require use of
statistical evaluation to assist in determining the sizes of both types of studies. Safety studies may
need to have larger sample sizes than efficacy studies.
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cines are in development, although these efforts face many challenges, including
the large number of serologically distinct types of these organisms causing
diarrhea and the difficulty of inducing a mucosal immune response capable of
blocking infection with enteric pathogens. A candidate Shigella flexneri vaccine
developed at the Institut Pasteur and manufactured at Walter Reed Army Institute
of Research (WRAIR) pilot lot production facility was first tested in healthy
volunteers at the U.S. Army Medical Research Institute for Infectious Diseases
(USAMRIID) in 1996. A larger trial with 100 or more U.S. volunteers is planned
for later in 2002. A Phase II clinical trial involving 200 to 300 Bangladeshi
children to test the vaccine’s efficacy in an environment where the disease is
endemic is also planned (USAMMDA, 2001b). Vaccines against other species of
the genus Shigella—Shigella sonnei and Shigella dysenteriae—are also being
evaluated.

A vaccine designed to protect against ETEC is under evaluation in Egypt,
and new vaccines based on microencapsulated ETEC antigens are under develop-
ment. A Campylobacter vaccine is in advanced development, but it is likely that
new approaches will be required to make the vaccine more effective. Industry
partnerships supporting the research include a DoD Dual-Use Science & Tech-
nology program contract with Acambis, Inc. to develop Campylobacter and ETEC
vaccines (Acambis, Inc., 2001), a CRADA with Antex Biologics, Inc. to develop
Campylobacter vaccines (USAMMDA, 2001c¢), and a Small Business Innovation
Research program grant from the National Institute of Allergy and Infectious
Diseases to develop oral microbead vaccines against diarrhea. Antex Biologics,
Inc. is also researching the possibility of a multivalent vaccine to prevent diarrhea
caused by S. flexneri, S. sonnei, Campylobacter jejuni, and ETEC (Antex
Biologics, Inc., 2001).

Dengue Vaccine

DoD scientists have a long history of experience with dengue vaccines and
the development of diagnostic tests for dengue (Innis et al., 1988; Kanesa-thasan
et al., 2001; Vaughn et al., 1996). WRAIR and GSK have worked to develop a
tetravalent vaccine that is being evaluated in a Phase II clinical trial in Thailand
(Innis, 2001; WHO, 2002).

Hepatitis E Vaccine

Epidemiological studies by CDC, the army, the navy, and scientists in Russia,
Pakistan, Nepal, and other countries have shown that the hepatitis E virus (HEV)
is the most common cause of hepatitis in adults in many developing countries
(Clayson et al., 1998). Genelabs, Inc., in collaboration with CDC, isolated and
cloned HEV (Genelabs Technologies, 2001). Investigators at the National Insti-
tutes of Health (NIH) developed a baculovirus-expressed recombinant protein
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candidate HEV vaccine in the late 1990s; that vaccine, developed at NIH, is
licensed to GSK. Two Phase I clinical trials—one in the United States and one in
Nepal—have been conducted through a joint effort of NIH, DoD, Genelabs Tech-
nologies, and GSK. A Phase II clinical trial of the vaccine with 2,000 adult
volunteers is under way in Nepal (Genelabs Technologies, 2001).

Meningococcal Group B Vaccine

The efforts of investigators at WRAIR led to the development of a quadriva-
lent polysaccharide meningococcal vaccine that has been recommended for use
by selected civilian populations, such as college students (AAP, 2000; CDC,
2000b). Efforts to develop a meningococcal group B vaccine continue, but such a
vaccine has proved more difficult to develop (Brundage and Zollinger, 1987;
Jédar et al., 2002). Although several promising candidate vaccines based on outer
membrane protein processes of the group B meningococcus have proceeded to
large-scale field trials, no licensed product is yet available in the United States.

HIV Vaccine

The goal of the U.S. Military HIV Research Program’ is to develop a vac-
cine that provides protection against all known subtypes of HIV type 1 (HIV-1)
circulating throughout the world. Efforts to date have focused on (1) surveillance
for determination of the HIV subtypes infecting U.S. forces; (2) characterization
of prevalent subtypes of HIV-1 around the world, including genetic recombi-
nants; (3) collaborative efforts with industrial partners to design vaccine con-
structs based on a broad array of subtypes, including both those prevalent in the
United States and those prevalent in other regions of the world; (4) preparation of
field sites in Thailand and Uganda for testing of a vaccine; and (5) conduct of
early clinical safety and immunogenicity studies in Thailand, Uganda, and the
United States. The program has candidate vaccines—including those that use
naked DNA, vectored DNA, and recombinant proteins from HIV subtypes E, A,
D, and C—in various stages of development and testing. A Phase III clinical trial,
in collaboration with the Ministry of Public Health of Thailand, is scheduled to
begin in fall 2002 for evaluation of a vaccine consisting of a canarypox virus
vector. The clinical trial will be conducted in Thailand and is expected to last 5
years. In October 2002, DoD will transfer management of the HIV vaccine trial

THIV vaccine research is managed as a Congressional Special Interest extramural research pro-
gram (USAMRMC, 2002a). The research program is a collaborative effort of the air force, army, and
navy. The program is headed by WRAIR and research is conducted in collaboration with the Henry
M. Jackson Foundation for the Advancement of Military Medicine (U.S. Military HIV Research
Program, 2002).
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and research effort to NIH to comply with direction from the Office of Manage-
ment and Budget (NIAID, 2002a).

REGULATORY STATUS OF SPECIAL-USE VACCINES

As mentioned above, DoD maintains a Special Immunizations Program (SIP)
within USAMRIID whose mission is to “offer FDA licensed vaccines and inves-
tigational new drug (IND) vaccines under informed consent to laboratory workers
at USAMRIID, and to other, military, government, or contractor personnel who
may be at occupational risk of exposure to highly hazardous pathogenic micro-
organisms or toxins” (Boudreau and Kortepeter, 2002). SIP administers five
FDA-licensed vaccines and nine vaccines with IND status; these are listed in
Tables 3-7 and 3-8, respectively. Table 3-9 lists the two vaccines for which CDC
is the IND sponsor but which SIP administers to the military.

A number of vaccines that DoD has developed over the years, including the
vaccines listed in Table 3-8, have remained at the pilot level of production, with
no commercial manufacturers identified. Incentives to pursue full-scale produc-
tion have been limited primarily because of the geographically limited nature of
the diseases that the vaccines were designed to prevent and the limited commer-
cial potential of these products. DoD faces obstacles in keeping these products
available to military personnel when the vaccines are needed. Some of the
obstacles encountered include the challenges of meeting FDA regulatory require-
ments, difficulties associated with administering products with IND status, and
the increased cost of vaccine development. Significantly, as described in the note
to Table 3-8, live, attenuated vaccines against chikungunya virus, Junin virus,
and Rift Valley fever virus that were previously available as INDs through SIP no
longer have active IND status and thus are not available even for very specialized
uses within DoD.

TABLE 3-7 FDA-Licensed Vaccines Used by SIP as of March 2002*

Product Manufacturer
Anthrax vaccine, adsorbed BioPort Corporation
Hepatitis B vaccine GlaxoSmithKline Biologicals
Merck & Co., Inc.
Japanese encephalitis vaccine Rescarch Foundation for Microbial Diseases of
Osaka University (Biken)
Rabies vaccine Aventis Pasteur
Yellow fever vaccine Aventis Pasteur

* A licensed plague vaccine was previously administered, but it is no longer manufactured.

SOURCES: Boudreau and Kortepeter (2002) and FDA (2001b, 2002a).
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TABLE 3-8 Vaccines with IND Status Used by SIP as of March 2002

Year IND Year Last
Product Application Filed Produced
Eastern equine encephalitis vaccine, inactivated 1967 1992
Q fever vaccine, inactivated 1972 1970
Rift Valley fever vaccine, inactivated 1969 1991
Tularemia vaccine, live, attenuated, LVS strain* 1965 1985
Venezuelan equine encephalitis vaccine, inactivated 1975 1981
Venezuelan equine encephalitis vaccine, live, attenuated 1965 1972
Western equine encephalitis vaccine, inactivated 1984 1972

NOTE: Chikungunya virus vaccine, live, attenuated; Junin virus vaccine, live, attenuated; and Rift
Valley fever vaccine, live, attenuated had been included in SIP but are not being administered at
present. SIP administered as an IND a tick-borne encephalitis vaccine to U.S. military personnel
deployed to Bosnia in 1996. The tick-borne encephalitis vaccine, however, no longer has FDA IND
status (Personal communication, R. Tucker, Baxter International, October 25, 2001).

* Clinical use of the vaccine is on hold.

SOURCES: Boudreau and Kortepeter (2002) and Pittman (2000).

TABLE 3-9 Vaccines with CDC-Sponsored IND Status Administered by SIP

Year IND Year Last
Product Application Filed ~ Produced
Botulinum pentavalent toxoid 1979 1995
Smallpox vaccine (Dryvax®) 2001 1982

NOTE: The army also has a separate IND application (Army BB-IND #3723) on file for botulinum
pentavalent toxoid.

SOURCES: Boudreau and Kortepeter (2002) and USAMRMC (1999).

FDA regulations require that a biological product be evaluated for its immu-
nogenicity, safety, and efficacy before licensure. Under current rules, FDA cannot
grant a license to a vaccine that has not been shown to be efficacious and safe in
clinical trials with humans or for which there is no robust laboratory evidence
that indicates that the vaccine offers the same protective immunity demonstrated
in earlier studies with another vaccine (FDA, 1998). Most of the vaccines that SIP
manages are designed to prevent rare infections, natural occurrences of which are
unpredictable in everyday settings. To a large extent, that may preclude the
possibility of completing conventional clinical efficacy trials with these vaccines.
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The ability to conduct experimental challenge tests is severely limited or abso-
lutely prohibited by well-accepted ethical rules guiding human experimentation.
Therefore, it would be very difficult to meet the current FDA requirements for
licensure for these vaccines.

Two FDA rules address the difficulty of providing sufficient evidence of
efficacy for these vaccines. A rule finalized as the committee completes this
report allows the use of data from animal studies as surrogates for human-study
data when it is not feasible to conduct tests with humans. The rule concerns the
constraints on the testing of the efficacy of a vaccine and does not address the
requirement to demonstrate the safety of the product in large numbers of humans
(FDA, 2002c). A second rule—subpart H: Accelerated approval of new drugs for
serious or life-threatening illnesses® —permits accelerated approval of new drugs
for serious or life-threatening illnesses. It states that “FDA may grant marketing
approval for a new drug product on the basis of adequate and well-controlled
clinical trials establishing that drug product has an effect on a surrogate end-
point.”

To detect relatively low frequency adverse events related to vaccine admin-
istration, tests need to be conducted with substantial numbers of subjects, making
the demonstration of safety and efficacy not only difficult but also costly. Several
published estimates from the pharmaceutical industry and others indicate that
approximately 60 to 75 percent of vaccine development costs occur in the late
stage of product development (Greco, 2001; Monath, 2000). These and related
issues are discussed further along with the recommendations in Chapter 4.

Current regulations preclude the use of products with IND status without
adherence to extant regulations applicable to clinical research with experimental
products.® This includes the submission to FDA of certain information pertaining
to the product and the proposed clinical studies, prior approval by an independent
institutional review board, the collection of informed consent, and detailed
recordkeeping.!® The myriad procedures and documentation steps can be diffi-
cult—if not impossible—to adhere to during military operations.

8Accelerated approval of new drugs for serious or life-threatening illnesses. 21 CFR § 314.500-
314.560, subpart H (2001).
9Invcstigational new drug application (IND). 21 CFR § 312.20-312.21, subpart B (2001); Informed
consent of human subjects. 21 CFR § 50, subpart B (2001).
1%From DoD Directive 6200.2: Use of Investigational New Drugs for Force Health Protection
(DoD, 2000).
4.8.1. Notice Requirement for IND Use: When using an IND for force health protection,
DoD Components shall provide prior notice to personnel receiving the drug or biological
product of the following:
4.8.1.1. That it is an IND (including specific information on whether it is approved by
FDA and/or whether it is unapproved for its applied usc).
4.8.1.2. The reasons the IND is being used.
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In 1990, at the request of DoD, FDA published an interim rule addressing
DoD’s concerns about the use of products with IND status in combat situations.
The interim rule allowed the FDA commissioner to waive the informed consent
requirement when such a waiver was requested by the Assistant Secretary of
Defense for Health Affairs. Application of the rule was restricted to the “use of an
investigational drug (including an antibiotic or biological product) in a specific
protocol under an investigational new drug application” and was “limited to a
specific military operation involving combat or the immediate threat of combat.”!
The rule was applied during the Gulf War, allowing the use of pyridostigmine
bromide and a botulinum toxoid vaccine to protect against the potential use of
weaponized biological or chemical agents (Rettig, 1999).

When service members returned from the Gulf War deployment and reported
medically unexplained symptoms, many questioned the safety and efficacy of the -
vaccine and drug products used during the war and the wisdom of DoD’s use of
the interim rule. These perceptions, which may have been different had there
been credible evidence of the actual use of chemical or biological weapons by
forces opposing U.S. and allied personnel, sparked changes in the government’s
policy regarding the IND waiver. In part because of concerns that grew out of the
use of the interim rule during the Gulf War, the U.S. Congress passed an amend-
ment to the Defense Authorization Act for FY 199912 that vests solely with the
president the authority to waive the informed consent requirement. Accordingly,
FDA revoked the 1990 interim rule and established a new interim final rule
outlining the limited circumstances in which the president could waive the
informed consent requirement: “if the President finds obtaining informed consent
(1) not feasible; (2) contrary to the best interests of the members; or (3) notin the
best interests of national security” (FDA, 1999, p. 54181).

DoD was again criticized for administering a product with IND status with-
out close adherence to the FDA guidelines when it used the tick-borne encepha-
litis (TBE) vaccine in the Bosnian conflict. For many years, the military had

4.8.1.3. Information regarding the possible side effects of the IND, including any
known side effects possible as a result of interaction of the IND with other drugs or
treatments being administered to such personnel.

4.8.1.4. Other information as required to be disclosed by the FDA.

4.8.2. Information to Providers for IND Use: DoD Components shall ensure that healthcare
providers who administer the IND or who are likely to treat members who receive the IND
receive the information identified in sections 4.8.1.3 and 4.8.1.4 above.

4.8.3. Record Keeping on Use of IND and Notice Requirement. DoD Components shall
ensure that medical records of personnel who receive an IND accurately document the receipt
of the IND and the notice required by section 4.8.1 above.

Hinformed consent of human subjects. 21 CFR § 50, subpart B (2001).
12gtrom Thurmond National Defense Authorization Act for Fiscal Year 1999. P.L. 105-261 (1998).
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administered the TBE vaccine to U.S. personnel who inspected military sites in
the Soviet Union, where TBE is endemic. The vaccine, developed by scientists
from Austria and the United Kingdom, had been widely used in Europe but had
not been licensed for use in the United States. In 1993, the Armed Forces Epide-
miological Board (AFEB) was asked to evaluate and make a recommendation
regarding the use of the TBE vaccine (for which the Army held an IND applica-
tion). AFEB recommended that the vaccine against TBE be used “under IND
protocol with informed consent” to protect military personnel with significant
potential for exposure to TBE (AFEB, 1993). In 1996, the Assistant Secretary of
Defense for Health Affairs outlined, based on input provided by USAMRMC and
the surgeons general, DoD policy regarding the use of a vaccine against TBE.
The policy instructed that the TBE vaccine should be offered to “personnel at
very high risk of tick exposure” and that it should not be used to routinely
immunize all DoD personnel (ASD{HA], 1996). DoD offered the TBE vaccine to
soldiers deployed to areas in Bosnia known to be affected by tick-borne encepha-
litis. To receive the vaccine, however, individuals had to volunteer to participate
in a study of the IND product and, accordingly, to provide written informed
consent.

An investigation by the General Accounting Office into the Army’s record-
keeping practices during the Bosnian conflict (GAO, 1997) found that nearly
one-fourth of the immunizations against TBE in Bosnia were not properly docu-
mented. FDA, also, found “significant deviation” from the guidelines related to
the use of a product with IND status in DoD’s use of the TBE vaccine in Bosnia
(FDA, 1997b). Although DoD officials “acknowledged faulty recordkeeping,”
they maintained that IND guidelines were followed (Gillert, 1998). The TBE
vaccine is no longer available to U.S. military personnel as a product with FDA
IND status.

The sequence of events outlined above highlights the difficulties inherent in
complying with FDA rules related to an IND product and conducting well-
documented clinical trials of investigational vaccines among military personnel
engaged in combat or participating in peacekeeping duties under hazardous con-
ditions. They also point out the difficulties that commanders face when they must
confront the rules and regulatory practices that are in place when they are deploy-
ing forces into situations that are likely to expose those forces to infectious
disease threats for which licensed vaccines may not be available.
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Recommendations with
Accompanying Analysis of Limitations
Imposed by Current Department of Defense
Structure for Managing Acquisition of
Vaccines Against Infectious Diseases

Substantial shifts have occurred in the geopolitical, budgetary, and psycho-
logical framework within which the Institute of Medicine (IOM) committee that
has prepared this report began its work 2 years ago. The September 11, 2001,
terrorist attacks heightened the nation’s sense of vulnerability, and contamination
of the U.S. mail with anthrax spores focused the public’s attention on bioterrorism
and infectious disease threats. To the Department of Defense (DoD), however,
the reality of infectious disease threats predated this recent national interest.
DoD’s longstanding interest in the use of vaccines to protect military personnel
against infectious disease threats is reflected in this committee’s charge as well as
in DoD’s separate request to an expert panel led by Franklin Top, Jr., (DoD,
2001d) for advice on its vaccine production capability. These two reports and the
recent statement by the IOM Council (IOM, 2001) encouraging the creation of a
National Vaccine Authority share a common sense of urgency in suggesting that
changes are needed in the processes by which the government acquires vaccines.
At the same time, the President’s fiscal year (FY) 2003 budget proposal, the
heightened public perception of infectious disease threats, and the attention now
focused on biodefense provide unparalleled opportunities for change and set the
stage for DoD to act.

Thus far in this report, the committee has presented mostly factual, descrip-
tive information about the need for vaccines, their use in the U.S. military, and
the organizational procedures through which DoD advances a vaccine from the
point of recognizing the need for a vaccine to making it available for use by
military personnel. Here, the committee presents its discussion of those organiza-
tional, procedural, and scientific components and provides its analysis of how the
pieces might be made to fit better and how the overall process of vaccine acqui-
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sition might be improved. Wherever possible, the committee cites specific evi-
dence to support its conclusions. However, in a number of instances no such data
were available and the committee was forced to rely on the perceptions of those
interviewed by the committee or on indirect evidence, often in combination with
the past experiences of committee members in their interactions with both mili-
tary and civilian vaccine acquisition systems. In such cases, the committee has
made every effort to note the lack of hard evidence supporting its contention,

Protecting the health of military personnel is essential to national security.
The committee presented in Chapter 1 historic evidence that infectious diseases
have posed significant threats to the health of the nation’s armed forces. Chapter 3
describes those vaccines that are available to the military for the prevention of
infectious diseases. A review of the data presented in this report (e.g., Chapter 3)
makes it clear that no vaccine is available for many of the infections that have
previously posed problems for U.S. forces on overseas deployments (e.g., dengue,
diarrhea, and tick-borne encephalitis, to name a few of those listed in Table 1-2).
Thus, it is clear that infectious diseases remain a major concern even as the
twwenty-first century unfolds. The considerable number of overseas deploy-
ments of U.S. forces on warfighting and peacekeeping missions in recent years
suggests that the risk of exposure of military personnel to both naturally acquired
and intentionally released infectious agents remains real and present.

Vaccines are often the most cost-effective way to protect individuals from
infectious diseases, but their value is easily overlooked both within the civilian
public health sector and within the military community. For example, a success-
ful antiballistic missile defense system may provide dramatic evidence for its
utility when it destroys an incoming warhead, but a safe and effective vaccine
leaves no trace of its success when the immune response that it has engendered in
the immunized soldier thwarts the early stages of a potentially lethal infection
and prevents an incapacitating illness or death. On the basis of its review of the
circumstances surrounding the loss of the adenovirus vaccines and the lack of an
available licensed plague vaccine (Table 3-3) and (until very recently) an anthrax
vaccine, as outlined below, the committee believes that DoD must assi gn a higher
priority to vaccine acquisition than it has in the past.

For the purposes of this discussion, the committee defines acquisition as the
process by which DoD ensures that appropriate vaccines are available for the
protection of its forces. This process represents a continuum extending from the
first recognition of need, to the setting of priorities, to the maintenance of a
technology base permitting internally conducted or externally contracted product-
oriented research, advanced product development, and clinical studies leading to
licensure (whether or not DoD is in partnership with an industrial entity), as well
as the establishment and maintenance of effective manufacturing facilities and,
ultimately, the procurement (purchase) and stockpiling of vaccine for use by
DoD for protection of members of the U.S. armed forces.
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The committee’s main conclusion is that DoD’s current vaccine acquisition
procedures, coupled with its complex annual budgeting process, significantly
hamper its vaccine acquisition activities and thwart effective coordination with
vaccine manufacturers. The evidence that led the committee to this conclusion is
laid out in the pages that follow. These limitations result in an inability to develop
the vaccines that are needed (as evidenced by the large number of vaccines listed
in Table 3-5 that are no longer being actively developed for protection of the
armed forces), instability in essential vaccine-related research programs (which
is reflected in wide fluctuations in budget authority, as described below), and the
failure to have available for immediate use those vaccines that are critical for the
protection of military personnel, as cited above. The ultimate cost of this ineffi-
cient acquisition process is that military readiness is placed at risk. Some militarily
important vaccines are not available, in whole or in part, because of poorly
aligned acquisition processes and an inadequate commitment of financial resources
rather than because of unmet scientific or technological hurdles. This is particu-
larly true for the vaccines listed in Table 3-5, including, for example, the attenu-
ated Junin virus (Argentine hemorrhagic fever) vaccine, for which evidence
supporting substantial clinical efficacy has been amassed in a trial carried out
among civilian populations in South America (Maiztegui et al., 1998).

DoD’s current approach to vaccines originates with the best intentions,
involves skilled individuals, millions (but not sufficient millions) of dollars, and
intricate planning. Nevertheless, the committee’s assessment after hearing from
many of those involved in the acquisition process, as well as several executives
from the companies that manufacture vaccines, is that the current vaccine acqui-
sition process has limitations that make the path from basic research to procure-
ment and use of vaccines both inefficient financially and cumbersome. These
limitations result in occasional outright failure (as in the case of the loss of the
adenovirus vaccines) and unacceptable delays (in the case of the anthrax vaccine)
in vaccine acquisition. The lack of vaccines when and where they are needed
risks the success of future military operations and the health of personnel and
potentially places national security in jeopardy.

The committee’s recommendations cover four broad aspects of the acquisi-
tion process:

1. Organization, authority, and responsibility
2. Program and budget

3. Manufacturing

4. Regulatory status of special-use vaccines

After first presenting its nine recommendations in Box 4-1, the committee
provides a discussion, building its case with examples and presenting the reason-
ing that has resulted in each recommendation.
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BOX 4-1
Committee Recommendations

Organization, Authority, and Responsibility

The committee recommends that the Department of Defense:

1. Combine all DoD vaccine acquisition responsibilities under a single authority
within DoD that attends to the entire spectrum of responsibility—from definition of
a potential threat against which a vaccine is needed through research and devei-
opment, advanced product development, clinical trials, licensure, manufacture,
procurement, and continued maintenance of manufacturing practice standards and
regulatory compliance.

2. Consolidate the infrastructure, funding, and personnel for DoD programs for
the acquisition of vaccines against weaponized biological agents and naturally
oceurring infectious diseases.

3. Ensure that there is an effective, ongoing senior advisory group—one pro-
viding perspectives from both within and outside of DoD—to assess program prior-
ities and accomplishments, to act as a proponent for vaccines and other infectious
disease countermeasures, and to maintain active relationships with current science
and technology leaders in the academic, government, and corporate sectors.

Program and Budget

The committee recommends that the Department of Defense:

4. Provide budget resources commensurate with the task.

5. Actively encourage the development, distribution, and use of a weli-defined
and validated research priority-setting mechanism. Such a mechanism could
involve the use of prioritized, weighted lists of infectious disease threats and formal
scenario-planning exercises and would require the use and synthesis of infectious
disease surveillance and epidemiologic information.

6. Include programming goals that ensure greater strength and continuity in
the science and technology base for the full spectrum of infectious disease threats,
including research related to the epidemiology of infectious diseases, the nature of
protective immunity, and both early and advanced vaccine product development.

7. Leverage DoD research efforts by building greater interactions and an effec-
tive formalized coordinating structure that links DoD research activities to vaccine
development activities carried out by the Department of Health and Human Services
and other public and private groups.

Manufacturing

The committee recommends that the Department of Defense:

8. Work toward improving manufacturing arrangements to ensure consistent
vaccine availability by addressing issues related to long-term commitments, pre-
dictable volumes and prices, indemnification, and intellectual property issues.
These arrangements should include consideration of the development of vaccine-
specific partnerships between the federal government and individual private
manufacturers, a consortium of private vaccine manufacturers, and government-
owned, contractor-operated vaccine production facilities.

Regulatory Status of Special-Use Vaccines

The committee recommends that the Department of Defense:

9. Vigorously seek a new paradigm for the regulation of special-use vaccines
that remain in investigational new drug application status with the Food and Drug
Administration and that have no reasonable prospects for licensure under the
current rules. The new paradigm should take into account the circumstances of the
vaccine’s anticipated use in setting requirements for the demonstration of safety
and efficacy.
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ORGANIZATION, AUTHORITY, AND RESPONSIBILITY

Early in the committee’s deliberations, one DoD representative attempted to
clarify the DoD process for setting vaccine research and development priorities
with an iilustrative slide, presented here as Figure 4-1 (and earlier as Figure 2-1).
It clearly conveys the complex gauntlet awaiting the potential acquisition of a
new vaccine from the time of the first conception of its need through the late
stages of development. Figure 4-1 also vividly demonstrates the absence of a
single organizational locus of authority and responsibility for that process. Not
only is no individual in charge, but too many individuals and entities are respon-
sible for other, unrelated activities in addition to their responsibilities for vaccines
and the development of effective countermeasures against infectious disease
threats. The committee believes that DoD’s vaccine acquisition program does
not—and cannot—work effectively with its management structured in this
fashion.

Perhaps the best example of how such diffuse management arrangements
thwart effective vaccine acquisition is the loss of the adenovirus type 4 and 7
vaccines that the U.S. military used very effectively for many years to prevent
acute respiratory disease among trainees. The committee heard from representa-
tives of both DoD and the vaccine manufacturer (Wyeth) concerning the events
that led up to the decision by the latter to cease manufacture of the vaccine
because of its inability to make changes to its manufacturing facility required by
the Food and Drug Administration (FDA) under the terms of its existing contract
with DoD. What the committee heard was the inability of the manufacturer to
identify any single point of authority within DoD that was sufficiently knowl-
edgeable about the issues and sufficiently empowered to make changes in the
contract with the manufacturer necessary to maintain vaccine production. No
single entity in DoD had sufficient breadth of authority or responsibility to
approve further research and development or to authorize modifications to the
manufacturing facility once the vaccine had become licensed, even though this
meant that production of the vaccine would cease and that future procurement
would not be possible. The end result was the recurrence of serious adenovirus
respiratory infections among basic trainees, a problem that continues to the
present.

This particular issue was the subject of an interim report (IOM, 2000a; also
provided as Appendix A to this report) released by the [IOM committee that has
prepared this report. Although one cannot be certain that a consolidation of all
responsibility for vaccine acquisition within a single authority in DoD would
have prevented the loss of these vaccines, the committee is convinced that the
disjointed authority for advanced vaccine development and vaccine procurement
that exists within DoD contributed significantly to the lack of the additional
investment required for continued production of this vaccine. ‘
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Another expert committee commissioned by DoD recently reached a similar
conclusion (DoD, 2001d). Soon after IOM constituted the committee that has
authored this report at the request of the U.S. Army Medical Research and
Materiel Command (USAMRMC), the Deputy Secretary of Defense directed the
Acting Assistant Secretary of Defense for Health Affairs (ASD[HA]) and the
Director of Defense Research and Engineering to form a group, chaired by
Franklin Top, Jr., and charged it with a task—based on the requirements outlined
in P.L. 106-398—that significantly overlapped that of the IOM committee. Work-
ing independently and with different emphases, the two committees identified
similar systemic problems and arrived at similar recommendations to address
them, including the need for centralized and coordinated management and
strengthened, supportive expert advice.

These committees are not the first to note organizational and procedural
problems within the DoD’s acquisition processes. The DoD Reorganization Act
of 1986 called on DoD to “reduce and streamline the defense bureaucracy”
(Republican Policy Committee, 1986). DoD, itself, has recognized the need to
reform its acquisition system—agency wide. In 1994, the Secretary of Defense
released a report entitled Acquisition Reform: Mandate for Change outlining the
need to change the acquisition system. It noted, “The problem is that the DoD
acquisition system is a complex web of laws, regulations, and policies. . . While
each rule individually has (or had) a purpose for its adoption, and may be impor-
tant to the process as a whole, it often adds no value to the product itself, and
when combined, contributes to an overloaded system that is often paralyzed and
ineffectual, and at best cumbersome and complex” (DoD, 1994, pp. 5, 6). In
2001, DoD again addressed the inefficiency of the acquisition system in its
Quadrennial Defense Review Report, which notes that “two major institutional
processes—the planning, programming and budgeting system and the acquisition
process—create a significant amount of the self-imposed institutional work in the
Department. Simplifying these processes will support a streamlining of the entire
organization [the Department of Defense]” (DoD, 2001c, p. 52). The General
Accounting Office (GAQ), in testimony before Congress on February 27, 2002,
notes that despite DoD’s heavy dependence on acquisition—*“close to $100 billion
annually to research, develop, and acquire weapon systems and tens of billions
more services and information technology” (GAO, 2002, p. 1)—its acquisition
system is inefficiently managed. GAO studies found that responsibility for acquit-
ing services is diffuse and “with little visibility or control at the DoD- or military
department level” (GAO, 2002, p. 3). The report notes that DoD “is seeking to
adapt the same revolutionary business and management practices that helped the
commercial sector gain a competitive edge” (GAO, 2002, p. 3).

The GAO outlines, in its testimony, several suggested changes that may
improve the efficiency of the DoD acquisitions system, including restructuring
programs so that requirements and needs are better matched, making sure that
decision makers are open to funding the lifecycle of a product, and assuring that
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those making decisions—in terms of time and money spent on a product—are
sufficiently knowledgeable about the product and are persons vested with the
authority “to make informed tradeoff decisions” (GAO, 2002).

Diffuse Management Responsibility

As detailed above, no identifiable decision maker within DoD has the responsi-
bility and authority for vaccine acquisition. No single organizational agent within
DoD drives the vaccine acquisition system or acts as a galvanizing motivator. No
single organizational unit within DoD has the authority to address problems
arising with licensed products to maintain product availability.

Because no single authority within DoD oversees the vaccine acquisition
effort, the DoD decision-making structure for vaccine acquisition is fragmented
at each step of the process, including research, development, production, licen-
sure, and the purchase and stockpiling of vaccines. The fragmentation of these
processes hinders the creation of priorities and the acquisition of vaccines that the
military needs. It leads to misalignment of resources, creates disparities between
vaccine research efforts and relevant military medical operations, and leaves
large gaps within the research and development process. It prevents any long-
term stability across the many years during which a new vaccine is conceptual-
ized, moves through the preclinical and clinical research stages, and finally, is
licensed. Furthermore, just as budgetary authority is disjointed, so is program
authority. Even the various research and development components—technology
base and advanced development—do not share an effective prioritization mecha-
nism. The committee was unable to identify a single list of priorities for vaccine
acquisition that each of these separate DoD entities involved in the vaccine
acquisition continuum uses. This disconnect can result in the misdirection of
resources.

Consolidating responsibility and authority for the acquisition of vaccines
within a single organizational entity or vaccine authority would provide a seam-
less process by which DoD could acquire vaccines to provide the protection that
its forces require. Vaccine acquisition would be enhanced by developing and
imposing a common means of prioritization at all levels of the vaccine acquisi-
tion effort, by eliminating unnecessary bureaucracy and overlapping, redundant
programs, by improving communication among those responsible for different
aspects of the vaccine acquisition continuum, by eliminating the waste of pro-
gram resources, and by managing vaccine acquisition as part of a higher-priority
DoD acquisition category (e.g., acquisition category I).

Having expended considerable time in attempting to understand the com-
plexities of the current acquisition process, the committee concludes that DoD
should create a single vaccine authority by concentrating responsibility and
authority for the entire vaccine life cycle—up to, but not including, policy and
clinical decisions concerning the use of vaccines. This entity should be the con-
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trolling authority for the acquisition of vaccines and related biological counter-
measures and not simply a coordinating body. It should report to the highest
levels within DoD. To succeed, this vaccine authority must have the following:

» sufficient authority to influence vaccine development, including adequate
budgetary authority with assured funding for operations (such as for the procure-
ment of vaccine products after the research period) and control over any government-
owned manufacturing facility, such as the government-owned, contractor-operated
(GOCO) facility now being considered by DoD;

+ adequate staffing to manage and accomplish all phases of the acquisition
process, from priority setting to vaccine research and development, product
development, manufacture, and stockpiling; -

» personnel with the financial, regulatory, and legal expertise required for
all aspects of the vaccine acquisition process integrated within a single office;

* clearly defined relationships with the ASD(HA), the DoD and army offices
involved with providing funding for science and technology-related activities and
program direction, and the commanding general of USAMRMC,;

* a placement in the DoD organizational hierarchy that would allow it to
control decisions throughout the vaccine acquisition process and to coordinate
decisions related to policies for vaccine use; and

« a stable, adequate, and well-defined budget.

The committee does not have a specific recommendation about where within
DoD the operational elements of a single vaccine authority should be placed. It
did consider, however, the qualifications and characteristics that a single vaccine
authority would possess and how it would work. The committee believes that
placement of the vaccine authority at a high level in DoD—at the Pentagon, with
the individual in charge of the authority reporting to the highest levels of DoD—
is necessary to achievé the task. That organizational placement would not pre-
clude USAMRMC’s holding the operational lead for vaccine-related activities.

A November 2001 statement from the IOM Council proposed the develop-
ment of a somewhat similar authority, the National Vaccine Authority, to con-
front the problems that the public health sector faces in acquiring limited-use
vaccines. The problems that the IOM Council sought to address have much in
common with those that are part of the scope of this committee’s charge. The
IOM Council’s statement argues that the creation of a single National Vaccine
Authority would help to ensure the availability of vaccines that have limited
commercial potentials but that are critically needed for the civilian sector.

Although the committee recommends the creation of a single vaccine acqui-
sition authority within DoD, it recognizes that a vaccine is more than a product
that can be built simply to predetermined specifications, purchased on bid from
the manufacturing sector, and stockpiled for future use. A vaccine is part of a
complex and continuously evolving biological system that is intended to protect
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the warfighter against an infectious disease. As with any complex system, a
vaccine requires constant, well-integrated, and coordinated attention to each facet
of its development and maintenance, including disease surveillance, prioritization,
research and development, and product refinement in a continuously changing
regulatory environment. The committee cites DoD’s recent loss of the adenovirus
type 4 and 7 vaccines as prima facie evidence of the need for DoD to adopt a
systems approach to vaccine acquisition that spans all steps in the acquisition
process.

Recommendation 1.

Combine all DoD vaccine acquisition responsibilities under a single authority
within DoD that attends to the entire spectrum of responsibility—from defi-
nition of a potential threat against which a vaccine may be needed through
research and development, advanced product development, clinical trials,
licensure, manufacture, procurement, and continued maintenance of manu-
facturing practice standards and regulatory compliance.

Fragmented Acquisition Programs for Vaccines and Related Biological
Countermeasures for Weaponized and Naturally Occurring Infectious
Disease Threats

The health of warfighters is at risk both from natural infectious disease
threats and from weaponized forms of infectious disease agents that might be
intentionally deployed against U.S. forces in combat settings or against civilian
populations as agents of terror. Whether natural or weaponized, these two forms
of infectious disease threats share much in common. A number of specific patho-
gens such as those causing plague or hemorrhagic fevers are real and present
threats in both contexts. Vaccines have been shown to be capable of providing
protection against both natural and weaponized infectious disease threats, draw-
ing in each case on what is a common science and technology base.

The maintenance of separate acquisition programs for threats to military
operations from naturally occurring infectious diseases and threats from the inten-
tional and hostile use of biological materials inhibit DoD’s ability to make rational
decisions related to vaccine acquisition. This complex arrangement arose from
DoD’s response to congressional direction to consolidate activities related to the
acquisition of chemical and biological warfare defense measures. Thus, DoD
created the Joint Vaccine Acquisition Program (JVAP) to manage the advanced
development of vaccines to protect warfighters against weaponized infectious
disease agents. Although well intended, the creation of JVAP has led to new
problems. Separate management prevents unified thinking on the acquisition of
vaccines such as those against the plague bacterium and the Rift Valley fever
virus, each of which could be a natural and a weaponized threat to military
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_ personnel. Limited expertise and equally limited budgetary resources are divided
in the present scheme, in which DoD has split the responsibility and the authority
for the procurement of vaccines against naturally occurring and potentially
weaponized infectious disease threats and has established no unifying prioritizing
mechanism with which it can manage its limited vaccine development resources.
JVAP was intended to streamline acquisition procedures and raise visibility of
the need for biodefense products, but these potential benefits have not yet been
realized in the acquisition of new vaccine products.

The committee could identify no justification for the separation in the acqui-
sition processes for vaccines against naturally occurring and potentially
weaponized infectious disease threats. There is substantial overlap in the agents,
technical approaches, and hurdles to be overcome in developing vaccines against
the infectious agents that comprise both types of threats. The problem here is not
simply that JVAP and USAMRMCs infectious disease program are duplicative.
That would be true if both sets of programs were functioning adequately. The
reality is that the loss of previously available vaccines and the failure to produce
new products indicate that neither program is operating effectively—in part
because they are separate. The costs and risks are therefore even higher.

In its second recommendation, the committee seeks to fuse the positive
characteristics of JVAP—providing a single point of contact and the authority to
use a higher DoD acquisition category-—and the medical research expertise and
experience of the various components of USAMRMC.

Recommendation 2.

Consolidate the infrastructure, funding, and personnel for DoD programs
for the acquisition of vaccines against weaponized biological agents and natu-
rally occurring infectious diseases.

Lack of Sufficient Advisory Structure

The committee recognizes the need for and strongly recommends the creation
of an ongoing, senior advisory structure to guide high-level decision making
related to the acquisition of vaccines and other medical countermeasures against
infectious disease threats. The proliferation of prestigious panels now looking at
vaccine acquisition and availability is a potent indication of the lack of a center of
strong advocacy and advice at present.

Previously, the Armed Forces Epidemiological Board (AFEB), which reports
to the surgeons general of the various services, played a major positive role in
military vaccine development. DoD now supports AFEB under the authority and
budget of ASD(HA) and also calls upon AFEB for advice concerning a broad
range of health care and environmental issues. The committee notes that its
present scope is much broader than infectious diseases and that AFEB, as it is
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constituted at present, has neither a sufficient breadth of expertise in infectious
diseases nor enough understanding of the vaccine acquisition process (as outlined
in the following paragraph) to fill the specialized advisory role that the committee
envisions. With the proposed large increase in FY 2003 funding for biodefense,
the need to provide effective advice to the government on how to spend the
additional funds for military vaccine needs will, if anything, become more acute.
The committee considered two routes that might bolster this function.

The first possible approach would be to reconfigure AFEB so that it includes
additional individuals with specialized expertise in tropical and geographic medi-
cine and persons with direct experience in vaccine acquisition, including vaccine
research, development, manufacture, and procurement. Although this approach
might be favored given the long and prestigious history of AFEB, the addition of
these responsibilities might diminish the board’s effectiveness in meeting or
carrying out its non-infectious disease-related responsibilities. Furthermore, the
need for expert external advice concerning DoD’s vaccine acquisition activities
may be too important to relegate to a subcommittee of AFEB.

Second, as indicated above, AFEB operates under the authority of and reports
to ASD(HA). To adequately fulfill the advisory role envisioned for the single
vaccine authority by the committee, its advisory body must report to the same
level of DoD as the vaccine authority itself, that is, at the highest levels of the
department. These factors thus argue in favor of the creation of a new advisory
structure, one that the committee believes must be able to function effectively
independently of DoD’s vaccine acquisition authority and with sufficient scope
and authority of its own to ensure the protection of the group’s ability to provide
unbiased advice and the perception that it is providing such advice. AFEB’s role
within DoD, its multiple other responsibilities, and its organizational position
within the department therefore pose significant challenges.

As a third altemative, DoD could seek an independent (non-DoD) expert
body to create and maintain a standing advisory committee under contract.

Any of these options—a restructured and reenergized AFEB, a new advisory
committee within DoD, or a newly created, ongoing, independent advisory group
outside of DoD—would provide DoD with a group of senior advisers who could
evaluate the priorities and operations of a consolidated DoD vaccine authority
and who would have the potential to become strong proponents for the work that
DoD does regarding vaccines against infectious diseases of military importance.
A respected and well-connected champion could help articulate the needs so that
the upper echelons of DoD could better understand them and, therefore, within
their own fiscal and political constraints and opinions, act to support these impor-
tant efforts.

Recommendation 3.
Ensure that there is an effective, ongoing senior advisory group—one pro-
viding perspectives from both within and outside of the DoD—to assess
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program priorities and accomplishments, to act as a proponent for vaccines
and other infectious disease countermeasures, and to maintain active rela-
tionships with current science and technology leaders in the academic, gov-
ernment, and corporate sectors.

FUNDS AND PROGRAM MANAGEMENT

Funding and program management streams are maintained separately in
DoD. Although many of the same organizational units are involved in both pro-
cesses, the processes themselves are largely distinct. Figure 4-1 illustrates the
interactions among the different units of DoD involved in the establishment of
requirements and the processes for infectious diseases-related research, develop-
ment, and acquisition. The complexities of the DoD acquisition system for vac-
cines and related biological countermeasures against infectious diseases give rise
to budgeting and programming difficulties.

These budgeting and programming difficulties are not newly recognized. In
1981 DoD created the Armed Services Biomedical Research Evaluation and
Management Committee to “facilitate management coordination, improve infor-
mation exchange, and accomplish medical research, development, testing and
evaluation activities” (DoD, 1996, p. 1-6). In 2001, a panel of experts convened
by the Deputy Secretary of Defense found that these problems still linger and
should be addressed (DoD, 2001d). The IOM committee concurs.

Complicated Funding Process, Inadequate Funds

Budget decisions are made at many levels of DoD and the Department of the
Army and are heavily influenced by the competing priorities of line commanders
and various staff components of the armed services and DoD. Segmentation of
the military research and development budget makes the process even more
complex. The research requirements and budget decisions for the development of
components of the technology base follow a pathway very different from that for
advanced product development. The budgeting process is further complicated by
a split between activities related to naturally occurring infectious diseases and
those related to potentially weaponized biological agents that results in research
redundancies and fragmented funding, as discussed above. Furthermore, once a
vaccine product has been developed and licensed, its procurement and stock-
piling for future use are supported by yet other sources of funds. For example, if
a vaccine procurement problem that required additional research for its solution
were identified but research funding was no longer available, efforts to acquire
the vaccine or maintain its availability might languish.

Procurement and maintenance funds, which are provided to the Defense
Health Program for ongoing support of health care operations within the military,
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are not available to support changes in vaccine manufacturing processes or facili-
ties that the supplier may request in response to new regulatory requirements
imposed by FDA after licensure of a vaccine. At the same time, funds designated
for the technology base and advanced product development may not be deemed
suitable for making improvements to a licensed product. This schism in the
funding stream is matched by a similar schism in the recognition of responsibility
for maintaining effective and acceptable manufacturing processes and facilities
by various components of DoD after the licensure of a vaccine. In the case of the
adenovirus type 4 and 7 vaccines, for example, this disjointed budgetary process
for vaccine acquisition appears to have led directly to the loss of these vaccines
by the military. The current process fails to recognize that a vaccine represents a
complex biological defense system, not a static product.

It is also noteworthy that the current system produces a budget that is
inadequate to effectively support the full spectrum of vaccine acquisition activities
that are needed. Although the committee was unable to obtain specific informa-
tion concerning budgets before 1993, in part because of the difficulties of com-
paring shifting organizational components over time, it has the strong impression
that substantial declines have occurred in terms of the real funding available to
support vaccine acquisition activities over the last three decades. The declining
budget has resulted in a reduction in the breadth of infectious disease-related
research in USAMRMC, which affects both basic and applied research, as well as
the product development activities supported by USAMRMC contracts. The num-
ber of infectious disease agents that are now actively and credibly studied within
DoD Iaboratories has been reduced over time, as USAMRMC has repeatedly
restructured its research programs in an effort to retain adequate funding for what
it has considered a core set of priorities. Expertise related to rickettsial and
parasitic diseases, for example, has been eroded, and the robust basic and applied
infectious disease research programs that spearheaded the development of
meningococcal, adenovirus, and hepatitis A vaccines in the 1970s and 1980s
have not been replaced by similar, cutting-edge, industry-attracting research and
development activities in the 1990s and beyond.

A tangible example of the effect of budget reductions is that USAMRMC is
no longer capable of effectively meeting FDA’s requirements for maintaining the
ongoing investigational new drug (IND) status of a number of encephalitis and
hemorrhagic fever virus vaccines, such as the attenuated vaccine developed for
protection against Junin virus infections. The very real impact of this lapse in
IND status is that DoD will not be able to offer protection even to those research
laboratory personnel working with these dangerous agents through the Special
Immunizations Program (SIP) managed by U.S. Army Medical Research Insti-
tute of Infectious Diseases (USAMRIID), let alone offer protection to troops who
could be exposed to these threats in the field. Budget limitations and vaccine
availability concerns force USAMRIID to maintain a cap on the number of indi-
viduals with access to vaccines administered by SIP (Boudreau and Kortepeter,
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2002). The current enrollment cap has effectively made these vaccines unavail-
able to nonmilitary, academic researchers. Table 3-5 lists eight vaccines that were
previously developed and championed by DoD but that are no longer being
produced and that, as a result, are available in very limited quantities at present.
This list highlights just one facet of the long-term consequences of what the
committee senses has been a contraction in the breadth of DoD’s vaccine devel-
opment programs.

Table 4-1 shows the somewhat erratic nature of the funding that has sup-
ported the DoD infectious disease science and technology base since 1993. From
FY 1993 to FY 2000 there were no sustained increases and the budget clearly
failed to keep pace with inflation. A substantial increase in funding in FY 2001
was matched by a decline in funding in FY 2002, demonstrating a lack of the
reliable levels of support required to sustain stable, long-term research and
development projects such as those required for vaccine acquisition. The record
indicates a stagnant investment in funding for vaccines, one that has actually
decreased in terms of inflation-adjusted dollars, despite real increases in develop-
ment costs and regulatory burdens.

The commanding general of USAMRMC spoke to the IOM committee in
April 2000 about these budgetary reductions and described a $320 million short-
fall in unfunded requirements within USAMRMC over the next 5 years. This
included $30 million of army “must-be-funded” items.

As a result of budget constraints that DoD has placed on the science and
technology base, it has become increasingly difficult to support the broad techni-
cal base needed for the diagnosis, treatment, and prevention of infections that are
uncommon among U.S. residents but prevalent elsewhere in the world and that
therefore present potential threats to military personnel deployed outside the
United States. Erosion of the technology base and the professional expertise
available for vaccine development within the armed forces have led to a greater
dependence by DoD on the commercial sector to accomplish its vaccine-related
aims. This is evidenced by the relatively small number of vaccines being devel-
oped by DoD (Table 3-6) and the prominent roles that commercial vaccine manu-
facturers play in the development of many of these vaccines (e.g., the primary
role of GlaxoSmithKline in the development of the hepatitis E vaccine).

The record shows that DoD has no long-term, stable budget to attain and
sustain what it needs in terms of vaccine development and production capacity. In
addition, discussions between the committee and military decision makers and
leaders in the vaccine manufacturing industry make it clear that the uncertain
nature of the appropriation process of the federal government makes it difficult to
maintain continuous scientific and financial commitment from either within or
outside of DoD. As a result, vaccines whose development is technically possible
and within the country’s grasp scientifically, such as the adenovirus vaccines, or
vaccines for which administrative hurdles overshadowed technological obstacles,
such as the anthrax vaccine (Zoon, 2000) and a vaccine against plague (FDA,
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1997¢; Greer Laboratories, 2001), have not been available to the military as they
are needed.

Budget constraints also limit the ability of USAMRMC to successfully move
potential vaccine candidates forward into Phase I and II clinical trials. Budget
problems often become more severe at the end of development, when industrial
development costs for vaccines generally escalate because of the scale-up of the
manufacturing process and the need for clinical trials. Yet, the USAMRMC
budget has a severely limited advanced development component. As noted in
Chapter 2, advanced development funding for vaccines (excluding the human
immunodeficiency virus [HIV] vaccine program) was approximately $5.9 million
total in FY 2002 (Hoke, 2002), representing only a very small fraction of the
resources that the U.S. military needs to acquire licensed vaccines against a large
number of potential infectious disease threats. As a point of reference, the com-
mittee notes that the current budget provided for development and acquisition of
new smallpox and anthrax vaccines within the Department of Health and Human
Services (DHHS), generated in response to the nation’s call for greater civilian
biodefense activities, totals several $100 million.

As indicated above, in arriving at a budget for the procurement of established
vaccines, DoD does not include funds for the resources needed to improve or

" maintain a vaccine—or, for that matter, the funds needed to revamp a vaccine

production system to meet current manufacturing practice standards, which change
over time. DoD provides no funds to support changes to the production system
needed to respond to new regulatory specifications from FDA. The expense of
modernizing the production facilities has not previously been accounted for in the
procurement process. The loss of the manufacturing facilities for the adenovirus
type 4 and 7 vaccines serves as a specific example of this problem and has led to
significant outbreaks of adenovirus disease at training installations and one or
more deaths among military recruits.

Obtaining resources sufficient for the purchase of a vaccine—even one that
has been developed through the DoD—requires independent funds and decision
making from parts of DoD (e.g., through the Defense Health Program) that are
not tightly linked to DoD’s upstream research and development activities. This
provides further evidence of the fragmentation of priority setting and manage-
ment of the vaccine acquisition process discussed above. To develop a budget,
DoD must consider the costs of the entire acquisition process, including costs for
the sustained manufacture of a vaccine. To do that, the decision maker must
understand the process, where the money is going, and what the expenditure is
achieving.

At present, the budget available for the acquisition of vaccines is insufficient
for the task. Although the committee recognizes the extreme competition for
resources that exists among the many important programs within DoD, it believes
that DoD, like the civilian sector, has not invested sufficiently in the acquisition
of new vaccines. Explanations may rest, in part, on the great successes achieved
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in controlling such militarily important diseases as tetanus, meningococcal men-
ingitis, and hepatitis A and hepatitis B and in the almost minimal numbers of
casualties from infectious diseases in recent conflicts. This may have led to a
sense of complacency concerning the risks posed by naturally occurring infec-
tious diseases. Any complacency about infectious disease threats disappeared,
however, in the wake of the anthrax attacks against civilian targets in the fall of
2001.

As the committee drafted this report, the President highlighted the need for a
large increase in funding for biodefense-related research and product acquisition
in his proposed FY 2003 budget. The committee notes that the growth in funding
for the research activities of the National Institutes of Health (NIH) anticipated
by the President’s proposed budget will likely lead to the discovery of novel
immunization strategies and better ways to positively manipulate the human
immune system. These advances—coupled with enhancements in relevant areas
of the nation’s research infrastructure—are likely to provide significant spin-offs
for DoD as it attempts to address militarily important naturally occurring infec-
tious diseases.

However, in this atmosphere of increased resources fueled by a heightened
awareness of the public’s vulnerability to bioterrorist actions, the committee
cautions that the United States must sustain its investment in vaccine develop-
ment activities over many years if it is to successfully develop useful vaccines.
There are concerns that the infusion of new funds may be short-lived and thus
may fail to meet long-term needs for investment in the critical infrastructure
required for vaccine acquisition. The current budget is not adequate to support
DoD’s acquisition of even a few of the many vaccines needed to protect U.S.
forces.

Recommendation 4.
Provide budget resources commensurate with the task.

Fragmented Prioritization and Program Management System

The fragmentation apparent in the budgeting process is also evident in DoD’s
management system for determining infectious disease-related research priorities.
The programming process, for example, suffers because it falters at an important
first step: the setting of priorities. The specific infectious disease threats to the
armed forces include a broad spectrum of microbial and parasitic organisms. As
the global demography and the global ecology change and new infectious dis-
eases emerge, the civilian population of the United States and the U.S. military
will continue to need a broad-based research program that is capable of coping
with these changes. Setting priorities is an important part of the process of creating
program goals.
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Resources are not sufficient to develop effective vaccines or biological and
medical countermeasures to protect warfighters against all potential infectious
disease threats. Given this reality, the need for an effective prioritization mecha-
nism is paramount. At present, USAMRMC does not use a defined process to
prioritize the research goals on which it is expending its limited resources. The
fact that resources are inadequate to meet all requirements only strengthens the
need for a well-defined and validated process that ensures appropriate input from
intelligence sources and formal periodic review of priorities in light of the chang-
ing international and political landscapes and scientific advances and failures.

The manner in which USAMRMC ranks disease threats, research goals, and
specific research projects remains unclear to the IOM committee, despite the
many hours that it spent in deliberation and hearing briefings from more than a
dozen people. As evidence for the failure of the present system, one could cite the
absence of a list comparable to the Category A list! of the Centers for Disease
Control and Prevention (CDC) to guide the activities of USAMRMC. The task of
generating a priority list of infectious disease threats to warfighters rests with the
Army Medical Department Center and School. However, the committee found
that no such list is available to the Medical Infectious Diseases Research Program.
The committee acknowledges that it cannot be certain that having a weighted,
prioritized list of disease threats would alter research budget allocation decisions
in the short term or the health of troops in the long term. Nevertheless, the
committee strongly recommends the development and use of a well-defined and
validated priority-setting mechanism. Such a mechanism could be developed by
using as tools, for example, weighted, prioritized lists to reduce the chance for
misunderstanding.

The U.S. government has sought external guidance in prioritization method-
ology in the past. The Institute of Medicine itself has issued numerous reports. In
the mid-1980s, at the request of the National Institute of Allergy and Infectious
Diseases of the National Institutes of Health, the IOM released a two-volume
report——covering domestic and international needs—that presented a quantitative
methodology for choosing which vaccines to place on accelerated development
paths (IOM, 1985, 1986). Estimates of expected health benefits (based on mor-
bidity and mortality) and expected costs (including costs averted by vaccination
and the costs of a vaccination program) were compared for a set of candidate
vaccines. The authoring committee noted the method’s value as a decision tool

11n June 1999, CDC convened a group of health experts to assess the threat of potential biological
terrorism agents. Using the risk-matrix analysis process, the experts ranked the biological threats
according to their potential impact on public health. The Category A list includes agents that would
have the “greatest potential for public health impact with mass casualties and {would] require broad-
based public health preparedness efforts” (Rotz et al., 2002, p. 226). Some of the biological agents
included in the Category A list are those that cause anthrax (Bacillus anthracis), plague (Yersinia
pestis), and smallpox (Variola major) (CDC, 2000a; Rotz et al., 2002).
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rather than a decision maker. The report illustrated how altering the assumptions
and viewpoints quantified in the model would alter the priority rankings.

More than a decade later—and around the time IOM formed the committee
issuing this report—the IOM report Vaccines for the 21st Century: A Tool for
Decisionmaking described a different model for guiding vaccine research direc-
tion (IOM, 2000b). The model assigned candidate vaccines to one of four levels
based on cost (of research and development, vaccine use, health care, vaccine
efficacy and utilization, among others) and quality-adjusted life years (based on,
for example, severity of illness and time spent with illness). The report, consis-
tent with its predecessors, emphasized that the cost-effectiveness model “can
provide an estimate of the cost of achieving the anticipated health benefit for each
of the vaccines studied, but it cannot determine whether that health benefit is
worth the cost” (IOM, 2000b, p. 57). The value of the cost-effectiveness model
relates to its ability to summarize and compare different kinds of costs and
benefits; to clarify assumptions; and to test, using multiple sensitivity analyses,
the effect of those and alternative assumptions on the result. Although the report
used quality-adjusted life years as its measure of benefit, the analytic technique
could be adapted for DoD by examining outcomes such as days unavailable for
military duty or other measures of unit combat effectiveness.

A CDC expert panel, in February 2002, published a matrix of “reviewable,
reproducible means for standardized evaluations” of civilian effects from poten-
tial biological threat agents. The report included a Category A list of select agents
that were generated by this methodology (Rotz et al., 2002). The model assigned
points based on specific characteristics of a potential agent, such as whether
hospitalization would be required for an infected person; what mortality rates
would be expected for untreated persons with the infection; whether there would
be potential for person-to-person transmission and continued dissemination of
the infection (based on various assumptions regarding the route of infection); and
the degree of potential public fear or panic as predicted by measures of media-
registered public awareness.

A somewhat different approach to priority setting is offered by scenario-
planning exercises. Scenario planning promotes the construction of different sets
of priorities depending on various possible scenarios that are envisioned for the
future. It includes the use of milestones to indicate potential changes in or revali-
dation of present priorities as advancing time and changing circumstances dictate
the greater or lesser likelihood of one future scenario over another. A formal
process for scenario planning would be useful in prioritizing threats based on
estimated risk exposures and anticipated outcomes in the event of infection and
would provide an effective interface between intelligence agencies and the DoD
decision makers who manage the vaccine acquisition process. Scenarios are cited
by private industry advisors as more than predictive and decision-making tools,
providing participants “within the organization . . . a common vocabulary and an
effective basis for communicating complex—sometimes paradoxical—conditions




RECOMMENDATIONS WITH ACCOMPANYING ANALYSIS 75

and options” (GBN, 2002). Formal scenario-planning exercises compel a group
of individuals “to question their broadest assumptions about the way the world
works so they can foresee decisions that might be missed or denied” (GBN,
2002). Such planning can provide “a specific point at which the required value
judgments are described and incorporated . . . [as] one means of isolating these
differences of opinion (which are often incorporated into decision making in an
ill-defined way) and determining if they affect the ultimate priorities” (JOM,
1986, p. 2). The end result of scenario planning would be a prioritized list or
database of disease threats weighted by potential importance to military opera-
tions and subject to periodic review and modification as the geopolitical land-
scape evolves over time. .

An additional level of prioritization might involve determination of scientific
opportunities and constraints. DoD should take the weighted, prioritized lists
generated by scenario-planning exercises and match these with the scientific
opportunities for vaccine development, as well as the anticipated costs and
resources required to get a particular product on the shelf. DoD is one of many
players in vaccine research and development. Given the magnitude of related
research activities in the civilian sector, DoD should use the prioritization process
to help refine its research agenda so that it uses its finite intellectual and other
resources to its best advantage. For example, DoD might decide that investment
in development of a particular vaccine, although strongly indicated by scenario
planning because of an anticipated need to protect troops in deployments, would
be redundant given ongoing investments in the same research area by industry,
NIH, or private foundations. Although the parallel pursuit of different strategies
for developing an effective vaccine against a single pathogen by different federal
agencies could be justifiable, DoD should examine its entire portfolio of require-
ments against the spectrum of research conducted outside of DoD when deter-
mining where to invest its precious research and development dollars. The com-
mittee is not persuaded that DoD has engaged sufficiently in such considerations,
which would optimize the management of research and development resources in
ways expected to maximize the returns (over both the short term and the long
term) on investments.

Whether DoD generates a weighted, prioritized list of disease threats, a
weighted list of research priorities, or a formal scenario-planning exercise, the
process used in its planning efforts should involve experts from academia, DoD
laboratory commanders, DoD preventive medicine officers, and the intelligence
community. Furthermore, a prioritization scheme should consider not only vac-
cines but also other medical countermeasures, including prophylactic drugs.
Whatever procedures are followed, the committee recommends that DoD con-
solidate its prioritization efforts within the framework of the total acquisition
process defined above. The product of the prioritizing exercise should be reviewed
by the reorganized AFEB or whatever ongoing group of senior advisers is con-
vened in response to Recommendation 3, given above. In addition, the priority-
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setting process should be iterative and should be performed at least annually
within the context of a single DoD vaccine authority. Each year, the output of this
prioritization effort would inform decisions on the allocation of the budget among
the proposed vaccine research and acquisition items.

Recommendation 5.

Actively encourage the development, distribution, and use of a well-defined
and validated research priority-setting mechanism. Such a mechanism could
involve the use of prioritized, weighted lists of infectious disease threats and
formal scenario-planning exercises and would require the use and synthesis
of infectious diseases surveillance and epidemiologic information.

A Declining DoD Technology Base Limits Vaccine Acquisition

Budget competition within DoD pits efforts to build and maintain the
military’s technology base against projects focused on specific products. Although
such a process may produce a list of credible products, it runs the risk of eliminat-
ing research in areas low on the list, resulting in a continuing narrowing of the
research abilities and scientific horizons of the laboratories. Predicting future
infectious disease threats to members of the armed forces is an imperfect science,
with emerging disease threats and unpredictable global politics adding to the
uncertainty. DoD must have ready access to the pool of knowledge and skills
needed to maintain the basic scientific research that is essential for the U.S.
military to launch nimble and effective responses to shifting infectious disease
threats. The committee thus believes strongly that the maintenance of a broad
technology base and an infrastructure for research related to the epidemiology of
infectious diseases (e.g., DoD overseas medical research laboratories) is an abso-
lutely necessary adjunct to research and development directed at specific vaccine
products.

Although the breadth of the technology base is tied to the magnitude of
funding made available for infectious disease-related science and technology, as
discussed in Chapter 2, the committee emphasizes that it is also dependent on
program priorities. Past successes with effective hepatitis A, Japanese encephalitis,
and adenovirus vaccines were built on what appears to have been a more substan-
tial infectious disease technology base within the military than exists now. With
the stronger base, DoD did not have to envision these specific successful end
products at the inception of the related research programs.

The impact of the elimination of the military draft on the infectious disease
technology base over the past several decades may be easy to overlook. Although
the committee was unable to obtain specific data supporting the contention that
the elimination of the military draft has had an impact on the infectious disease
technology base, it holds a strong impression that the shift to all-volunteer mili-




RECOMMENDATIONS WITH ACCOMPANYING ANALYSIS 77

tary forces in the early 1970s led to a significant reduction in the numbers of
young investigators with medical and doctoral degrees entering into and passing
through DoD’s infectious diseases research laboratories. Historically, those indi-
viduals who remained in service formed the core of DoD’s professional technol-
ogy base. In recent years, as many of these individuals have qualified for retire-
ment and have left the service, the scientific cadre within DoD does not appear to
have been replenished in a manner that would preserve earlier capabilities. DoD
could consider the implementation of loan forgiveness programs to attract highly
trained researchers. An example of such a program is NIH’s Loan Repayment
Program for Clinical Researchers, which repays the education loans of individuals
who agree to engage in clinical research at NIH for a minimum of 2 years
(AAMC, 2002). A potential unplumbed pool of future infectious diseases vaccine
researchers is graduates of the Uniformed Services University of the Health
Sciences (USUHS). DoD might consider adding research incentives to its estab-
lished recruitment programs for clinicians, in addition to creating an M.D./Ph.D.
dual degree curriculum at USUHS to create a cadre of military physician scien-
tists with interests in infectious disease control.

An effective system must be dynamic and able to respond to new threats, to
maximize the potential of biotechnology, and to use individuals with a diversity
of skills and from a diversity of disciplines at all steps in the vaccine acquisition
process. Vaccines are complex biological systems. Therefore, an effective process
for the acquisition of vaccines must be multidisciplinary in nature, resting on a
broadly constituted, diverse technology base extending from disease surveillance
and risk assessment technologies to the intricacies of molecular and structural
biology, vaccine design and manufacture, and, ultimately, the clinical trials and
regulatory science that underlie the licensure and deployment of the final product.

Recommendation 6.

Include programming goals that ensure greater strength and continuity in
the science and technology base for the full spectrum of infectious disease
threats, including research related to the epidemiology of infectious diseases,
the nature of protective immunity, and both early and advanced vaccine
product development.

Lack of Integration with Other Public-Sector and with Private-Sector
Vaccine Development Efforts

As it is structured at present, the DoD vaccine acquisition program is not
well integrated with vaccine-related programs maintained by other public-sector
agencies. In fact, the U.S. govern